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PRUCEEDIXGS  OF  THE  FOURTEEXTH  ANNDAL  CONVEXTIOX  OF 
THE  ASSOCIATION  OF  OFFICIAL  AGRICULTURAL  CHEMISTS. 


TUESDAY— MORNING  SESSION. 

The  foiirtpentli  annual  convention  of  the  Association  of  Official  Agri- 
cultural Chemists  was  held  in  the  lecture  hall  of  the  Columbian  Uni- 
versity, beginning  October  2G.  1897.  The  meeting  was  called  to  order 
by  the  president,  Mr.  William  Frear.  who  appointed  Messrs.  Patterson, 
Davidson,  and  Hills  a  committee  on  order  of  business.  The  committee 
reported  as  follows: 

First.  Report  on  nitrogen. 

Second.  Report  on  potash. 

Third.  Report  on  phosphoric  acid. 

Fourth.  Report  on  soils  and  ash. 

Fifth.  Report  on  foods  and  feed  stuffs. 

Sixth.  Report  on  food  adulteration. 

Seventh.  Report  on  dairy  products. 

Eighth.  Report  on  sugars. 

Ninth.  Report  on  fermented  and  distilled  liquors. 

Tenth.  Report  on  tannin. 

The  election  of  officers  was  made  a  special  order  for  Wednesday, 
October  27,  at  3  p.  m. 

Upon  motion  the  report  was  adopted. 

The  president  read  the  following  annual  address  to  the  association. 

ADDRESS  OF  THE  PRESIDENT. 

Members  of  the  Association  of  Official  Chemists:  It  is 
customary,  at  the  opening  of  each  annual  convention  of  the  association, 
for  your  presiding  officer  to  make  a  few  introductory  remarks  relative 
to  its  aims  and  work.  It  is  well  for  the  shii»  if  the  officers  and  the 
lookouts  be  not  satisfied  with  the  progress  indicated  by  the  beating 
throb  of  the  engine,  but  are  also  keenly  observant  of  her  course  and 
her  si)eed,  keei)ing  a  watchful  eye  upon  compass  and  log. 

It  is  likewise  well  for  such  an  association  as  ours  if  those  concerned 
in  its  work  are  not  content  simply  with  the  performance  of  much  routine 
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work  along  lines  already  well  fixed  by  the  earlier  work  of  the  associa- 
tion, but  study  also  tbe  logic  of  its  progress  and  growth,  the  new 
demands  each  step  in  the  science  of  tbe  chemist,  the  art  of  the  tech- 
nologist, and  tbe  statute  of  the  legislator  makes  upon  it. 

The  early  inception  of  the  idea  of  this  organization  was  due  to  the 
friction  between  buyer  and  seller  and  their  arbitrators,  the  chemists, 
resulting  from  differences  in  the  methods  of  determining  the  phosphoric 
acid  in  that  ill-defined  group  of  materials  called  "reverted  phosphates". 
The  purpose  of  the  association  was,  by  study  of  details  of  method,  to 
arrive  at  uniformity  of  analytical  processes;  and,  by  comparison  of 
results  of  manipulation  in  the  laboratories  concerned,  to  arrive  at  iden- 
tity of  analytical  results  by  different  chemists  upon  the  same  material. 

The  striking  benefits  that  followed  these  efforts  induced  those  inter- 
ested in  the  work  of  the  agricultural  experiment  stations,  organized 
not  long  after,  to  attem])t  a  similar  unification  of  methods  for  the 
determination  of  tbe  ill-defined  groups  of  substances  whose  separation 
is  attempted  in  the  course  of  investigations  upon  animal  nutrition. 
Work  upon  soil  and  ash  analysis,  upon  dairy  products,  and  upon  other 
products  of  rural  industry,  such  as  sugar  products,  wines,  etc.,  was 
undertaken  soon  after. 

Finally,  the  growing  recognition  of  tbe  value  of  chemical  analysis  in 
the  control  of  tanning  operations  has  led  to  the  formation  of  a  group 
of  workers  upon  the  methods  applicable  to  the  analysis  of  tanners' raw 
materials  and  their  products. 

Primarily,  tbe  work  of  the  association  has  been  chiefly  along  the 
lines  of  importance  to  the  official  chemist.  This  must  still  be,  to  a 
large  extent,  true  of  tbe  association's  work.  But  it  will  fail  of  its  high 
opportunities  and  choose  an  ideal  lower  than  it  may  properly  select  if 
its  work  be  not  pushed  also,  in  a  large  measure,  along  more  distinctly 
scientific  lines. 

The  work  in  determination  of  available  plant  food  in  soils,  the  study 
of  the  methods  of  analysis  applicable  to  slag  phosphates,  the  test  of 
various  methods  for  the  separation  and  determination  of  simple  sub- 
stances and  narrower,  better-defined  groups  of  substances  in  cattle 
foods  and  dairy  products,  the  studies  of  solubilities  of  various  phos- 
phates, may  be  cited  as  illustrations  of  valuable  work  by  tbe  associa- 
tion in  this  field.  If  we  would  accomplish  most,  we  must  remember 
that  the  ideal  accomi)lishment  is  not  tbe  perfection  of  an  arbitrary 
method  for  the  determination  of  an  ill-defined  group  of  substances,  but, 
much  further  on,  tbe  attainment  of  a  method  by  which  such  a  group 
may  be  resolved  into  its  simple  comi)oneuts,  and  the  effective  value  of 
each  determined.  For  example,  the  work  upon  phosphoric  acid  will 
not  be  finished  by  the  shaping  of  a  method  capable  of  yielding  excellent 
duplicate  results  upon  dissolved  phos]3hate,  raw  phosphates — calcic  and 
ferruginous — upon  bones  and  slag  alike;  but  only  when,  by  the  methods 
devised  (probably  a  separate  method  for  each),  it  is  made  possible  to 
gain  an  idea  of  the  available  plant  food  that  each  will  yield  under  some 
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normal  conditiou,  or,  it  may  be,  niider  several  distinct  classes  of  con- 
ditions. This  is,  indeed,  a  far  more  difficult  field  of  operation,  but  it  is 
none  the  less  important. 

It  may  be  well,  at  this  point,  to  refer  to  an  impression  prevailing  in 
the  minds  of  some  of  our  associates.  As  an  incident  to  the  perfection 
of  fertilizer  methods  there  came  the  opportunity  of  comparison  of  the 
results  of  manipulation  by  different  analysts.  A  valuable  training  was 
thus  afforded  to  the  young  beginners  with  whom  our  laboratories, 
sprung  suddenly  into  existence,  were  largely  manned.  The  opportu- 
nity thus  afforded  is  extremelj^  valuable-  in  its  influence  both  upon  the 
accuracy  of  the  analyst  and  upon  the  confidence  of  the  man  whose 
goods  he  values.  Some,  indeed,  came  to  regard  this  as  the  chief  raisoii 
cVetre  of  the  association,  and  have  suggested  the  desirability  of  so  con- 
ducting its  work  that  it  shall  become  practically  a  '^moot  court"  for 
tyros  in  analj'sis.  Without  depreciating  at  all  the  value  of  such  com- 
parison, I  protest  earnestly  against  such  a  conception  of  the  work  to  be 
done.  There  is  ample  scope  for  the  exercise  of  generalship  on  the  part 
of  our  more  experienced  members,  as  well  as  for  drill  to  the  juniors  of 
our  organization. 

With  these  brief  comments  upon  the  general  work  of  the  association, 
I  desire  to  again  call  your  attention  to  the  fact  that  the  i:)rime  work  of 
the  association  is  along  lines  important  to  the  official  agricultural 
chemist.  At  first  his  work  was  confined  almost  exclusively,  in  Amer- 
ica, to  the  fertilizer  control.  The  association's  transactions  in  this 
domain  have  been  of  great  helpfulness  to  those  concerned  in  the  anal- 
ysis of  fertilizers,  whether  as  manufacturers,  as  sellers,  as  buyers,  or 
as  control  officials. 

But  parallel  with  the  fertilizer  control  work,  there  has  arisen  a  demand 
upon  the  agricultural  chemist  for  the  application  of  analytical  methods 
to  the  detection  of  food  adulterations,  with  a  view  to  insuring  their 
prevention.  For  the  chemist  engaged  in  this  work  the  association  has 
done  little  that  is  directly  and  specifically  useful — this  is  said  with  full 
remembrance  of  our  work  on  milk  and  its  products,  sugar  products, 
and  alcoholic  liquors.  Our  effort  has  been  chiefly  directed  toward  the 
perfection  of  methods  devised  to  determine  -the  normal  constituents  of 
certain  food  materials,  scarcely  at  all  to  the  detection  and  estimation 
of  foreign  admixtures.  The  former  work  should  be  continued,  but 
there  is  a  pressing  demand  for  the  latter.  I  wish  particularly  to  note 
a  few  facts  and  to  offer  a  few  suggestions  with  reference  to  this  latter 
work. 

It  may  not  be  amiss  to  consider  the  great  values  concerned.  Wald- 
ron  (Handbook  of  Currency  and  Wealth,  1896,  p.  101)  estimates  the 
nation's  expenditure  for  food  to  be  83,305,000,000,  and  for  liquors 
$000,000,000.  making  a  grand  total  of  84,205,000,000,  or  nearly  31  per 
cent  of  the  entire  expenditure  for  necessaries,  luxuries,  and  capital; 
and  this  grand  total  does  not  include  those  articles  of  food  properly 
classed  as  luxuries. 
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Edge  (Eept.  Pa.  Dept.  of  Agriculture,  1895,  p.  215)  estimates  the  value 
of  the  food  consumed  in  the  country  at  $4,500,000,000;  and  Commis- 
sioner McNeal,  of  Ohio,  that  of  foods,  drinks,  and  drugs  at  $7,280,000,000. 

From  the  records  prepared  under  the  direction  of  Hon.  Carroll  D. 
Wright,  United  States  Commissioner  of  Labor  (Sixth  and  Seventh 
Annual  Reports),  showing  the  earnings  and  itemized  expenditures  of 
6,809  families,  containing  35,312  persons,  representing  the  iron  and 
steel  workers,  bituminous  coal  miners,  ore  miners,  limestone  quarry- 
men,  glass  workers,  and  cotton  and  wool  workers  of  the  country,  I  find 
that  the  average  family  spent  upon  its  food  39.4  -pev  cent  of  its  total 
income — a  proportion  much  larger  than  that  given  by  Waldron,  Avho 
fixed  the  average  at  24.23  per  cent.  These  figures  from  Wright's  rec- 
ords do  not  include  expenditures  for  alcoholic  liquors.  If  ax)plied  to 
the  whole  population,  they  would  bring  the  total  to  $3,244,000,000;  of 
this  amount  52  per  cent,  or  $1,687,000,000,  was  spent  upon  adulterable 
foods. 

The  following  statement  of  the  values  of  the  food  products  manufac- 
tured in  the  United  States  in  1889  I  have  summarized  from  the  figures 
of  the  Eleventh  Census : 

Flour,  milling  and  bakery  products  (less  the  materials  used  in  bakeries)  $569,  885, 430 
Fruit,    vegetables,    food    preparations,    pickles    (including    canned 

oysters) 63,  991,  790 

Sugars,  sirups  (refining),  glucose,  and  confections  (less  materials  used 

by  confectioners) 155,  755,  417 

Dairy  products,  lard,  and  oleo 71, 149, 146 

Condiments,  flavoring  extracts,  salt,  and  vinegar  (including  cider) ...  22, 155, 238 

Table  beverages  and  bottled  drinks  (including  spices) 92,  847, 103 

Alcoholic  liquors 289,  775,  639 

Total 1,  265,  559,  763 

But  this  category  omits  many  highly  important  food  products — not 
only  such  as  undergo  no  manufacturing  process  before  they  come  to 
the  kitchen  and  are  little  liable  to  adulteration,  such  as  fresh  meats, 
eggs,  fruits,  vegetables,  and  nuts — but  also  canned  and  pickled  meats 
and  fish,  honey,  crude  sirups  and  sugars,  and  milk.  Neither  does  it 
include  those  materials  ready  for  family  use. 

The  census  figures  show  the  following  amounts  for  certain  of  these 
products  in  1890 : 


Products. 


Price. 


Total, 


Honey 

Cane  molasses 

Sorglium  molasses 

Maple  sirup 

Maple  sugar 

Eoughly  valued  at 


.pounds., 
-gallons.. 
....do... 
....do... 
.pounds.. 


63, 897,  327 
25,  409,  228 
24,  235, 219 
2,  258,  376 
32,  952,  927 


Cents. 
5 
30 
28 
60 


$3, 194,  866.  35 
7,  622,  768.  40 
6,  785,  861.  32 

1,  355,  025.  60 

2,  636,  234. 16 


21, 594, 755. 83 
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The  Eleventh  Census  makes  tlie  totai  value  of  the  homemade  and 
factory-made  dairj^  products  and  of  the  milk  not  transformed  into 
manufactured  products  8411,976,522.  Alvord  (Bulletin  ^o.  11,  Bureau 
of  Animal  Industry)  makes  a  higher  estimate,  8454,900,000,  which,  in 
view  of  the  fact  that  the  census  figure  includes  statements  from  only 
such  factories  as  made  returns,  and  many  failed  to  make  the  proper 
returns,  is  probably  not  too  high.  Alvord  includes  the  yield  of  town 
cows,  omitted  by  the  census. 

Much,  however,  of  this  dairj'  product  never  leaves  the  farm.  How 
much  is  sold  it  is  diflBcult  to  estimate.  From  my  own  observation  I 
incline  to  believe  that  the  per  capita  consumption  of  whole  milk,  butter, 
and  cheese  is  less  on  the  farm  than  elsewhere. 

In  1890  the  per  capita  production  of  butter,  according  to  the  census, 
was  19  pounds,  deducting  the  amount  exported;  21.7  pounds  accord- 
ing to  Alvord's  estimates;  of  cheese,  according  to  the  census,  3.7 
pounds:  according  to  Alvord,  4.1  pounds.  Alvord  also  estimates  the 
average  direct  milk  consumption  at  25^  gallons  of  whole  milk  per 
capita. 

In  1890  Boston  had  a  population  of  488,477:  it  has  probably  grown 
somewhat  since  then.  Correspondence  with  Hon.  George  M.  Whit- 
aker,  executive  officer  of  the  Massachusetts  dairy  bureau,  places  the 
annual  milk  delivery  in  Boston  at  about  31,800,000  gallons;  and  of 
butter — based  upon  five  months"  returns,  less  corresponding  exports — 
at  54,067,200  pounds.  Estimating  that  the  market  supplies  600,000 
population  with  butter  and  500,000  with  milk,  this  makes  the  annual 
consumption  per  capita  90  pounds  of  butter  and  60^  gallons  of  milk. 
The  amount  of  both  butter  and  milk  made  up  into  other  food  prepa- 
rations and  exported  in  such  guise  I  have  not  been  able  to  estimate. 

In  1890,  Xew  York  had  a  population  of  1,515,301.  The  Xew  York 
dairy  and  food  commissioner  states  the  annual  consumption  of  that 
city  to  be : 

Butter pounds . .     85,  880,  442 

Cheese .do ... .     38,  224,  752 

Condensed  milk,  cream,  and  whole  milk,  equivalent  to  the 

whole  milk  (circa) ". gallons. .    107,  410,  000 

Equivalent  per  capita,  assuming  a  present  population  of  1,750,000,  to — 

Butter pounds . .     49. 1 

Cheese do 21.8 

Milk - gallons..     61.4 

These  per  capita  figures,  while  doubtless  excessive,'  indicate,  never- 
theless, that  the  rate  of  consumption  of  these  dairy  products  on  the 

^In  a  recent  letter  Mr,  Wliitaker  says:  ''The  city  of  Boston  proper  is  surrounded 
by  a  circle  of  towns  and  cities.  The  business  interests  of  these  places  are  united 
with  the  business  interests  of  Boston,  and  they  are  collectively  called  'Greater 
Boston.' 

"The  milk  of  Greater  Boston  comes,  first,  by  rail  from  a  terrirory  ronijhly  stated 
as  between  25  and  150  miles  distant  from  Boston;  second,  by  wagon  from  a  territory 
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farm  must  be  far  less  than  the  most  urban  communities.  So  that  an 
assignment  of  one-fourth  of  these  dairy  products  to  the  rural  commu- 
nities, a  proportion  equal  to  that  their  working  population  bears  to  the 
entire  working  population  of  the  country,  leaves  a  balance  for  dairy 
products  sold  upon  the  market  and  liable  to  adulteration  that  is  cer- 
tainly too  low.  This  balance,  after  deducting  the  nearly  $63,000,000 
worth  of  dairy  products  made  in  tlie  factories,  is  about  $350,000,000 
worth. 

For  pickled  and  canned  meats  I  have  obtained  no  satisfactory  figures. 

So  many  of  our  imports  of  food  materials  have  already  been  accounted 
for  as  raw  materials,  that  I  will  not  consume  your  time  by  any  elabo- 
rate showing  of  their  importance,  but  will  simply  note  the  following 
items  for  the  year  ending  June  30,  1896: 

Bottled  drinks,  nonalcoholic $288,  963 

Macaroni 599,836 

Infants'  foods 66,  545 

Lemon  juice,  etc 84,  073 

Vanilla  bean 1,013,609 

Chocolate,  chicory,  cocoa,  and  coffee,  with  substitutes 88, 151,  593 

Farinaceous  substances 257,  588 

Anchovies 956,  255 

Malt  liquors 1,  652,  971 

Vegetable  oils 2,688,051 

Extract  of  beef 214,  932 

Rice  flour 916,  512 

Saccharin 53,760 

Salt 752,108 

Spices - 2,137,197 

Mustard 227,928 

Distilled  spirits , 2,  098, 122 

Sugar,  molasses,  and  confectionery 84,  369,  504 

Tea , , 12,688,740 

Vegetables,  canned  and  pickled 1,  045,  999 

Waters,  soda,  etc 585,  694 

Wines 7,212,997 

When  it  is  further  shown,  as  the  records  of  our  various  State  food 
controls  amply  prove,  that  from  5  to  15  per  cent  of  the  entire  food 

within  25  miles  of  the  city ;  and  third,  a  small  amount  is  produced  in  this  territory, 
for  as  we  go  out  of  Boston  some  of  the  towns  shade  off'  to  agricultural  communities 
and  keep  quite  a  number  of  cows.  The  ligures  which  I  gave  you  refer  to  the  milk 
supply  of  Greater  Boston. 

'^' Second,  as  to  your  inquiry  about  butter:  The  expression  'butter  exported' 
means  butter  exported  across  the  water,  particularly  to  England.  The  Chamber  of 
Commerce  receives  from  the  railroads  the  amount  of  butter  brought  to  the  city. 
From  this  the  butter  exported  is  deducted,  and  the  balance  is  called  'domestic  con- 
sumption.' This  is  butter  which  goes  into  the  ordinary  lines  of  trade  from  Boston 
as  a  commercial  center,  but  is  almost  entirely  consumed  in  eastern  Massachusetts, 
southern  New  Hampshire,  and  a  little  in  Rhode  Island.  Occasionally  a  drummer 
finds  his  way  into  the  western  part  of  the  State,  but  that  is  an  agricultural  com- 
munity and  very  largely  supports  itself.  The  same  is  true  for  eastern  Connecticut. 
Western  Connecticut  is  principally  supplied  from  the  New  York  market,  and  New 
York  firms  compete  with  Boston  firms  for  the  business  of  Rhode  Island.'* 
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supi)ly  upon  the  markets  is  adulterated,  and  that  fully  10  per  cent  of  the 
adulteration  is  injurious  to  health,  little  further  is  needed,  it  seems  to 
me,  to  emphasize  the  importance  of  the  work  of  the  food  control  and  of 
all  subjects  relating  thereto. 

There  are  two  ways  in  which  this  association  can  aid  the  food-control 
chemist : 

(1)  By  the  careful  selection,  accurate  description,  and  test  of  methods 
fitted  for  the  control  examination  of  the  various  classes  of  adulterahle 
food  materials  upon  the  market.  Food-control  chemists  differ  to-day  in 
their  results  even  more  than  fertilizer-control  chemists  differed  when 
this  association  was  organized,  and  both  from  the  same  cause,  namely, 
the  use  of  different  methods  for  the  same  determination.  The  preva- 
lence of  these  differences  among  rei^uted  exj^erts  seriously  imx)airs  the 
confidence  of  judicial  and  administrative  officers  in  the  chemist's  work 
and  begets  a  justifiable  timidity  on  the  part  of  the  honest  manufacturer 
and  dealer,  whose  hearty  cooperation  is  most  important  to  the  success 
of  the  control.  All  concerned  in  this  work  have  much  to  hope  for  from 
the  unification  and  improvement  of  analytical  methods  in  this  field  of 
operation.  Toward  this  end  the  association  looked  in  the  appointment 
last  year,  for  the  first  time,  of  a  reporter  on  food  adulteration. 

(2)  By  taking  steps  to  secure  the  establishment  of  standards  of  com- 
position for  pure  food  substances,  just  as  the  druggists  have  done  for 
drugs.  The  United  States  Pharmacopoeia  is  the  accepted  authority  as 
to  standards  for  the  purity  of  drugs,  and  incidentally  for  a  few  food 
substances.  Most  State  and  municipal  laws  relating  to  the  control  of 
drug  adulteration  distinctly  accept  the  pharmacopceial  standards  of 
purity.  A  similar  work  must  be  done  for  foods.  In  the  absence  of 
such  an  accepted  set  of  standards  each  food  chemist  is  comx:)elled  to 
formulate  his  own.  The  result  is  that  the  standards  used  by  different 
chemists  are  based  upon  insufficient  data  and  are  formulated  according 
to  different  canons,  with  the  consequence  that  legal  actions  are  insti- 
tuted in  good  faith  by  control  officers  only  to  be  lost  by  the  failure 
of  the  several  experts  to  agree  upon  the  essential  bases  of  comparison. 

Another  result  of  this  lack  of  consensus  of  expert  opinion,  based 
upon  the  most  reliably  ascertained  facts  of  food  composition,  is  the 
incorporation  into  legislation  of  arbitrary  standards  that  work  serious 
injustice  to  innocent  producers  and  dealers. 

I  earnestly  hope  that  this  year  this  association  may,  from  its  vantage 
point  of  successful  attainment  in  other  directions,  begin  a  movement 
to  overcome  these  difficulties  under  which  the  official  food  analyst 
to-day  labors. 

MEMBERS    AND    VISITORS    PRESENT. 

The  following  members  and  visitors  were  present: 

Allen,  E.  W.,  ( )fficeof  Expeiinu'iit  .Stations,  United  States  Department  of  Agriculture, 

^'ashington,  D.  C. 
Anderson,  James  T.,  Alabama  Experiment  Station,  Auburn,  Ala. 
Atwater,  B.  M.,  Syracuse,  X.  Y. 


14 

Bartlett,  J.  M.,  Agricultural  Experiment  Station,  Orono,  Me. 

Beal,  W.  H.,  United  States  Department  of  Agriculture,  Washington,  D.  C. 

Bigelow,  W.  D.,  Division  of  Chemistry,  United  States  Department  of  Agriculture, 

Washington,  D.  C. 
Bryant,  A.  P.,  Storrs  Experiment  Station,  Middletown,  Conn. 
Carpenter,  F.  B.,  Virginia-Carolina  Chemical  Company,  Richmond,  Va. 
Carr,  Oma,  Corry,  Pa. 

Chesnut,  V.  K.,  Department  of  Agriculture,  Washington,  D.  C. 
Clark,  Reed  Paige,  Washington,  D.  C. 

Coates,  Charles  B.,  jr.,  Louisiana  State  University,  Baton  Rouge,  La. 
Craighill,  G.  P.,  Lynchburg,  Va. 

Crampton,  C.  A.,  Treasury  Department,  Washington,  D.  C. 
Cutter,  W.  P.,  United  States  Department  of  Agriculture,  Washington,  D.  C. 
Davidson,  R.  J.,  Experiment  Station,  Blacksburg,  Va. 
Dickeson,  William  E.,  United  States  Appraiser's  Office,  Philadelphia,  Pa. 
Ellett,  W.  B.,  Experiment  Station,  Blacksburg,  Va. 
Ewell,  E.  E.,  Department  of  Agriculture,  Washington,  D.  C. 
Feruandez-Cavada,  Fernando,  Audubon  Park,  New  Orleans,  La. 
Frear,  William,  Experiment  Station,  State  College,  Pa. 
Fulmer,  Elton,  Experiment  Station,  Pullman,  Wash. 
Gaines,  Richard  H.,  Department  of  Agriculture,  Richmond,  Va. 
Hand,  W.  F.,  Agricultural  College,  Miss. 

Haywood,  J.  K.,  United  States  Department  of  Agriculture,  Washington,  D.  C. 
Hills,  Joseph  L.,  Experiment  Station,  Burlington,  Vt. 
Hird,  J.  D.,  Washington,  D.  C. 

Hite,  B.  H.,  Experiment  Station,  Morgantown,  W.  Va. 
Huston,  H.  A.,  Experiment  Station,  Lafayette,  Ind. 
Jenter,  C.  G.,  Experiment  Station,  Geneva,  N.  Y. 
Jones,  Charles  H.,  Experiment  Station,  Burlington,  Vt. 
Kilgore,  B.  W.,  Agricultural  College,  Miss. 
Knox,  Roy,  Morgantown,  W.  Va. 

Krug,  William.  H.,  United  States  Department  of  Agriculture,  Washington,  D.  C. 
Krumbhaar,  Charles  Conrad,  Audubon  Park,  New  Orleans,  La. 
LaDgworthy,  C.  F.,  United  States  Department  of  Agriculture,  AVashington,  D.  C. 
Laughlin,  J.  R.,  Maryland  Agricultural  College,  College  Park,  Md. 
Lehmann,  G.  W.,  Chemist,  Board  of  Health,  Baltimore,  Md. 
Lindsey,  J.  B.,  Hatch  Experiment  Station,  Amherst,  Mass. 
McDonnell,  H.  B.,  Maryland  Agricultural  College,  College  Park,  Md. 
Moore,  C.  C,  United  States  Department  of  Agriculture,  Washington,  D.  C. 
Munroe,  C.  E.,  Columbian  University,  Washington,  D.  C. 
North,  J.,  205  Third  avenue.  New  York  City,  N.  Y. 

Patrick,  George  E.,  United  States  Department  of  Agriculture,  Washington,  D.  C. 
Patterson,  H.  J.,  Experiment  Station,  College  Park,  Md. 
Peacock,  S.,  Philadelphia,  Pa. 
Penny,  C.  L.,  Experiment  Station,  Newark,  Del. 
Perkins,  George  E.,  72  Jackson  street.  Providence,  R.  I. 
Persons,  A.  A.,  Experiment  Station,  Lake  City,  Fla. 
Ross,  B.  B.,  Auburn,  Ala. 

Runyan,  E.  G.,  United  States  Department  of  Agriculture,  Washington,  D.  C. 
Schweinitz,  de,  E.  A.,  Department  of  Agriculture,  Washington,  D.  C. 
Scovell,  M.  A.,  Experiment  Station,  Lexington,  Ky. 
Skinner,  W.,  Maryland  Agricultural  College,  College  Park,  Md. 
Spencer,  G.  L.,  United  States  Department  of  Agriculture,  Washington,  D.  C. 
Street,  John  Phillips,  Experiment  Station,  New  Brunswick,  N.  J. 
Sweetser,  W.  S.,  Experiment  Station,  State  College,  Pa. 
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Thigpen,  J.  H.,  Washington,  D.  C. 

Trescot,  T.  C,  United  States  Department  of  Agriculture,  Washington,  D.  C. 

Van  Slyke,  L.  L.,  Experiment  Station,  Geneva,  N.  Y. 

Yeitch.  F.  P.,  Maryland  Agricultural  College,  College  Park,  Md. 

Wainwright,  J.  H.,  United  States  Appraifier's  Office,  New  York  City,  N.  Y. 

Welty,  Harry  T.,  College  Park,  Md. 

Wheeler,  Edward  J.,  Department  of  Agriculture,  Albany,  N.  Y. 

Wheeler,  H.  J.,  Experiment  Station,  Kingston,  R.  I. 

Wiley,  H.  W.,  United  States  Department  of  Agriculture,  Washington,  D.  C. 

Williams,  C.  B.,  Experiment  Station,  Raleigh,  N.  C. 

Winton,  A.  L.,  Experiment  Station,  New  Haven,  Conn. 

Withers,  AY.  A.,  Experiment  Station,  Raleigh,  N.  C. 

Yocum,  J.  H.,  United  States  Leather  Company,  New  York  City,  N.  Y. 

The  President.  It  is  customary  at  this  time  to  appoiot  a  committee 
to  acquaint  the  honorable  Secretary  and  Assistant  Secretary  of  Agri- 
culture with  the  fact  that  we  are  in  session  and  request  their  presence 
at  such  time  as  they  may  find  it  possible  to  come.  If  there  be  no 
objection,  the  Chair  will  now  appoint  as  such  committee  the  vice-pres- 
ident of  the  association,  Mr.  Winton,  and  Mr.  Kilgore,  of  Mississippi. 

Upon  Mr.  Wiley's  suggestion,  the  committee  was  directed  to  invite 
the  Secretary  (the  Assistant  Secretary  being  out  of  town)  to  be  i^resent 
on  Wednesday  morning  at  11  o'clock,  at  which  hour  probably  a  larger 
number  of  members  would  be  present. 

Mr.  Street,  of  the  New  Jersey  station,  then  read  the  report  on 
nitrogen,  as  follows: 

EEPORT  ON  NITEOGEN. 
By  John  Phillips  Street,  Referee. 

The  work  for  the  year  will  he  considered  under  three  heads. 
I.  The  determination  of  nitric  nitrogen. 
II.  The  determination  of  total  nitrogen. 

III.  The  determination  of  the  availability  of  organic  nitrogen. 

Early  in  January  a  letter  requesting  cooperation  was  addressed  to  fifty-five  chem- 
ists, representing  all  of  the  American  experiment  stations  and  several  commercial 
firms.  Twenty-five  favorable  replies  were  received  to  this  letter,  fifteen  chemists 
agreeing  to  do  the  regular  work  and  ten  the  work  on  organic  nitrogen.  Of  this 
number,  eight  have  reported  results  on  nitric  and  total  nitrogen  and  seven  on  organic 
nitrogen.  On  February  8  a  letter  of  instruction  was  sent  to  those  who  had  signified 
a  wish  to  take  part  in  the  work. 

Prepakatiox  of  Samples. 

Three  samples  of  fertilizers  were  prepared  for  distribution.  The  materials  used 
in  compounding  these  mixtures  were  nitrate  of  soda,  cotton-seed  meal,  acid  phos- 
phate, potassium  chlorid,  and  Lobos  guano.  The  sample  of  nitrate  of  soda  was 
prepared  by  recrystallizing  a  quantity  of  commercial  nitrate  twice,  with  a  final 
evaporation  to  dryness.  No  attempt  was  made  to  secure  an  absolutely  pure  product, 
and  traces  of  chlorids,  sulphates,  and  moisture  were  shown  to  be  present  by  subse- 
quent tests.  The  Lobos  guano  was  a  complete  fertilizer,  the  source  of  whose  nitrogen 
was  a  natural  guano.  It  was  thought  by  the  referee  that  the  use  of  such  a  material 
would  be  as  severe  a  test  of  the  methods  as  could  be  desired. 
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These  ingredients  were  dried  for  five  hours  at  from  60°  to  70°  C,  and  then  were 
allowed  to  stand  exposed  to  the  air  for  fifteen  hours,  in  order  that  they  might  heeome 
in  equilibrium  with  the  atmosphere.  They  were  then  ground  to  pass  through  a  one 
twenty-fifth  inch  sieve,  except  the  nitrate  of  soda  and  potassium  hlorid,  which 
were  jiassed  through  a  one  fiftieth-inch  sieve.  The  samples  were  then  thoroughly 
mixed  and  portions  selected  for  analysis,  the  results  of  which  follow : 

Composition  of  samples. 


Substance. 

Nitric 
nitrogen. 

Ammonia.  |  Orgfnic 
nitrogen. 

Total 
nitrogen. 

Nitrate  of  spda 

Per  cent. 
16.25 

Per  cent.    \  Per  cent. 
16  25 

Per  cent. 
16  25 

6  93 

6  93 

Xiobos  ffuano  . ..........  .. 

.33 

1.  99               .  94 

3  26 

No  traces  of  nitrogen  were  found  in  the  acid  phosphate  or  potassium  chlorid. 

The  ingredients  of  the  different  mixtures  were  then  spread  out  on  a  heavy  paper 
and  thoroughly  mixed  hy  turning  with  a  spatula.  They  were  then  bottled  and 
securely  sealed. 

The  mixtures  were  made  up  as  follows : 

Sample  1 : 

1,000  grams  nitrate  of  soda,  containing  162.50  grams  nitrogen. 
Or  16.25  per  cent  nitric  nitrogen. 
Sample  2 : 

100  grams  nitrate  of  soda,  containing  16.25  grams  nitrogen; 
300  grams  cotton-seed  meal,  containing  20.80  grams  nitrogen; 
500  grams  acid  phosphate; 
100  grams  potassium  chlorid, 

Or  3.71  per  cent  total  nitrogen,  containing  1.63  per  cent  nitric  nitrogen. 
Sample  3 : 

100  grams  nitrate  of  soda,  containing  16.25  grams  nitrogen ; 
900  grams  Lobos  guano,  containing  29.34  grams  nitrogen, 

Or  4. .56  per  cent  total  nitrogen,  containing  1.66  per  cent  nitric  nitrogen  and 
1.79  per  cent  as  ammonia. 

I. — The  Determination  of  Nitric  Nitrogen. 

The  work  on  nitric  nitrogen  consisted  in  a  test  of  the  Ulsch-Street  method  in  com- 
parison with  the  Scultze-Tiemann  method.  It  was  the  expressed  sentiment  of  the 
last  convention  that  the  Ulsch-Street  method  should  be  given  a  fair  and  general  trial 
this  year.  In  light  of  this  fact,  it  was  hoped  that  a  large  number  of  analysts  would 
test  it  in  their  work.  The  chemists  who  objected  so  strongly  to  the  adoption  of  this 
method  last  year  have  shown  their  deep  interest  in  its  success  this  year  by  refraining, 
with  hardly  an  exception,  from  using  it  in  a  single  test. 

The  modified  Ulsch  method  recommended  was  the  same  as  that  given  in  Bulletin 
49,  United  States  Department  of  Agriculture  (p.  13),  except  that  from  7  to  10  grams  of 
heavy  oxid  of  magnesia  free  from  carbonates  were  suggested  instead  of  the  smaller 
quantity  previously  used.  The  Schulze-Tiemann  method  used  was  that  given  by 
Fresenius  in  his  Quantitative  Analysis  (Amer.  Ed.,  1886,  pp.  473-475). 
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Comparison  of  methods. 


Nitrate  of  soda. 

No.  1. 

Nc 

.2. 

No.  3. 

Analysts. 

1 
o 

0 

a 
a 

H 

i 

3 
§ 

bi 

a 

1 

i 

5 

1 

i 

a 

a 

•S 

H 

i 

1 

.a 
J- 

d 
p 

1 

1 

T.  C.  Trescot,  U.  S.  Dept.  of  Agr. . . . 
H.  K.  Miller,  N,  C.  Station 

Perct. 
16.23 
16.30 
215.99 
16.14 
16.13 

16.12 

215.70 

215.66 

16.24 

16.20 

Perct. 
16.22 
16.28 

Perct. 

Perct. 

Perct. 
16.26 

Perct. 
1.64 
1.69 
1.61 
1.63 
1.70 

1.70 
1.71 

1.70 
1.71 
1.70 

Perct. 
1.60 

1.64 

1.62 
1.52 

Per  ct.  \  Per  ct. 

1.  77           1    79! 

1.74 
1.76 
1.68 
1.72 

1.61 
1.68 

21.51 

1.73 
1.77 

C.  H.  Jones,  Vt.  Station 

F.  B.  Bomberger,  Md.  Station 

R  J  Davidson  Va  Station 

16.10 

1.69 

C.S.Cathcart,  Listers  Agricultural 
Chemical  Works 

A.  M.  Peter.  Ky.  Station 

H.  E.  Curtis,  Ky.  Station 

J.  P.  Street,  ]^.  J.  Station 

16.32 

16.25 

16.14 

1.66 

A.  W.  Ogden,  Conn.  Station 

1.62 

16.19 
16.25 

16.27 

16.25 

16.12 

16.26 

1.68 
1.63 

1.60 

1.72 
1.66 

1.67 

Theory 

'  1.86  per  cent  ammonia  deducted.  20mitted  from  the  averages. 

COMMENTS   OF  ANALYSTS. 

T.  C.  Trescot. — The  results  obtained  on  sample  1  by  tbe  Ulscli-Street  metliod  were 
very  unsatisfactory.  The  result  reported  is  tlie  average  of  the  three  highest  (16.21, 
16.22,  and  16.28)  of  many  determinations. 

H.  K.  Miller. — In  working  on  sample  1  by  the  Ulsch-Street  method  I  found  it 
necessary  to  use  dropping  bulbs  to  prevent  loss.  I  was  unable  to  get  satisfactory 
results  with  the  Schulze-Tiemann  method,  as  I  was  unable  to  get  apparatus  perfectly 
tight;  and  in  working  with  samples  2  and  3  by  this  method  frothing  was  so  bad  that 
I  had  to  give  up  making  determinations  on  these  two  samples.  I  used  caustic  soda, 
also,  in  determining  nitric  nitrogen  by  the  Ulsch-JStreet  method  in  Nos.  2  and  3  and 
obtained  higher  results,  though  I  send  you  only  the  results  obtained  from  using 
magnesium  oxid. 

A.  M.  Peter. — Instead  of  using  the  small  amount  of  water,  as  per  your  instructions, 
and  distilling  nearly  to  dryness,  I  used  300  cc  of  water,  and  in  the  case  of  Nos.  2 
and  3  mixed  the  magnesium  oxid  with  part  of  this  water  to  a  cream,  for  the  sake  of 
more  thorough  action,  and  distilled  ott"  about  .220  or  230  cc.  By  subsequently  carry- 
ing the  distillation  nearly  to  dryness,  it  was  found  that  in  each  case  practically  all 
the  ammonia  had  been  obtained  in  the  hrst  distillate.  The  largest  amount  obtained 
in  the  second  distillation  was  only  0.07  per  cent  in  No.  2,  the  others  being  mere  traces 
or  none  at  all.  My  idea  is  that  if  from  300  to  350  cc  of  water  be  used  and  the  pre- 
caution taken  to  mix  the  magnesium  oxid  with  part  of  the  waters  so  that  it  will 
not  form  lumps  and  interfere  with  the  action,  there  will  be  no  diliticnlty  in  obtain- 
ing all  the  ammonia  by  distilling  oif  not  less  than  two-thirds  of  the  total  volume  of 
the  liquid. 

A.  W.  Ogden. — We  found  the  Ulsch-Street  method  as  applied  to  nitrate  salts  very 
satisfactory  indeed.  We  will  probably  use  it  next  year  in  the  analysis  of  our  nitrate 
of  soda  samples.  The  Ulsch-Street  method  gave  very  good  results  on  mixed  fertil- 
15663— No.  51 2 
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izers,  althougli  it  is  not  certain  that  it  will  prove  in  our  hands,  all  things  consid- 
ered, superior  to  our  old  standby,  the  Schulze-Tiemann. 

Ten  chemists  reported  results  by  the  modified  Ulsch  method.  The  results  this 
year  on  the  nitrate  of  soda  sample  are  a  decided  improvement  on  those  of  past  years. 
Seven  of  the  teu  analysts  secure  results  within  0.13  per  cent,  while  four  a.re  within 
0.05  per  cent  of  theory.  One  of  the  others  is  0.26  per  cent  low,  while  the  other  two, 
representing  the  work  of  two  chemists  at  the  same  station,  are  from  0.55  to  0.59  per 
cent  low.  Eliminating  these  two  results,  which  were  obtained  by  a  method  not 
strictly  in  accord  with  that  sent  out,  the  difference  between  the  lowest  result  of  the 
others  and  theory  represents  a  variation  of  but  0.016  per  cent  of  the  total  nitrogen 
in  the  sample.  Had  these  results  been  secured  on  a  4  per  cent  sample  this  variation 
would  represent  a  difference  of  but  0.06  per  cent. 

The  results  secured  on  samples  2  and  3  are  also  excellent,  the  extreme  range 
between  highest  and  lowest  being  0.10  -per  cent  in  No.  2,  and  omitting  one  result, 
0.16  per  cent  in  No.  3.  The  greatest  variation  from  theory  in  No.  2  is  0.08  per  cent 
and  in  No.  3,  with  one  exception,  0.10  per  cent.  Attention  is  called  to  the  fact  that 
the  low  result  on  No.  3  is  reported  by  the  same  chemist  who  reported  a  low  result  on 
No.  1.  This  would  seem  to  indicate  that  the  method  was  not  altogether  responsible 
for  the  discrepancies. 

The  comparison  of  results  by  the  Ulsch- Street  and  the  Schulze-Tiemann  methods, 
while  representing  the  work  of  but  four  chemists,  is  very  satisfactory,  the  average 
difference  being  0.08  per  cent  in  No.  1,  0.08  per  cent  in  No.  2,  and  0.05  per  cent  in 
No.  3.  It  would  seem  that  a  fairer  comparison  of  these  two  methods  would  be 
secured  by  using  the  results  of  only  those  chemists  who  tried  both  methods.  On 
this  basis  we  have — 


Ulscli-Street. 

Scliulze-Tiema-Tin. 

No.  1. 

No.  2. 

No.  3. 

No.  1. 

No.  2. 

No.  3. 

Per  cent. 
16.23 
16.30 
16.24 

Per  cent. 
1.64 
1.63 
1.71 

Per  cent. 
1.77 
1.68 
1.77 

Per  cent. 
16.22 
16.28 
16.32 

Per  cent. 
1.60 
1.64 
1.52 

Per  cent. 
1.72 
1.69 
1.62 

116.26 

11.67 

11.74 

116.27 

11.60 

11.67 

1  Average. 

These  results  are  excellent,  and  show  that  the  Ulsch-Street  method,  instead  of 
giving  low  results  as  has  been  claimed,  has,  on  the  other  hand,  a  tendency  to  give 
slightly  higher  results,  the  differences  being  0.07  per  cent  in  favor  of  the  Ulsch 
method  in  both  samples  2  and  3.  This  is  quite  in  accord  with  the  well-known  fact 
that  the  Schulze-Tiemann  gives  low  results  unless  the  utmost  care  is  exercised  in  its 
manipulation. 

In  a  comparison  of  these  methods  on  samples  of  commercial  nitrate  of  soda,  the 
referee  secured  the  following  results:  In  a  total  of  thirteen  samples  the  Ulsch 
method  gave  higher  results  in  nine  samples  and  lower  in  four.  The  greatest  varia- 
tion was  0.11  per  cent;  the  averages  were  15.87  per  cent,  being  identical  by  the  two 
methods. 

The  results  secured  by  the  Ulsch-Street  method  this  year  confirm  the  referee's 
belief  in  its  accuracy,  its  efficiency,  and  its  adaptability  to  the  work  of  this  associa- 
tion. That  the  method  requires  care  in  its  manipulation  is  not  peculiar  to  this 
method  alone,-  and  should  be  no  objection  to  its  use.  Aside  from  its  accuracy,  its 
rapidity  is  one  of  its  strongest  recommendations.  This  advantage  may  not  appeal 
strongly  to  many  of  the  chemists  who  have  little  work  to  do  along  this  line,  but  to 
those  stations  where  several  hundred  nitrate  determinations  are  required  each  year, 
as  in  the  New  Jersey  Station,  a  rapid  method  is  essential.  As  has  been  pointed  out 
before,  nearly  one-half  the  time  can  be  saved  by  using  this  method. 
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II. — The  Determination  of  Total  Nitrogen. 

At  the  last  meeting  of  this  association  the  referee  was  requested  to  ascertain 
whether  the  method  called  the  Fassbiinder  method  was  not  erroneously  named.  In 
obedience  to  this  request,  the  referee  wrote  to  Dr.  Fassbiinder,  who  first  called  it  to 
the  attention  of  this  association,  and  received  the  following  reply : 

Kemi'EN  am  Ehein,  April  £1, 1897. 
Mr.  John  P.  Street,  Xew  Brunsuick,  N.  J. 

Dear  Sir:  The  method  which  I  employed  in  1894  in  the  determination  of  nitrogen 
in  the  presence  of  nitrates  was  not  tirst  suggested  by  me,  but  by  Dr.  V.  Scheucke  in 
No.  54  of  the  Cheniiker  Zeitung  for  1893.  It  is  known  here  as  the  Ulsch-Kjeldahl 
method,  and  is  rapidly  coming  into  general  use. 

Respectfully,  yours,  Dr.  Fassbandee. 

The  work  on  total  nitrogen  this  year  consisted  of  an  examination  of  the  Ulsch- 
Kjeldahl  and  Ulsch-Gunning  methods  in  comparison  with  those  already  in  use.  The 
Ulsch-Kjeldahl  and  Ulsch-Gunning  methods  are  simj^ly  a  combination  of  the  Ulsch 
method  with  the  Kjeldahl  and  Gunning  methods,  resj)ectively.  The  former  is  the 
method  suggested  by  Dr.  Schencke;  the  latter  was  suggested  to  the  referee  by  Mr. 
A.  L.  Winton,  of  the  Connecticut  Station,  in  private  correspondence.  The  methods 
as  outlined  by  the  referee  in  his  letter  of  instructions  are  as  follows: 

ULSCH-KJELDAHL   METHOD. 

Weigh  1  gram  of  material  into  a  Kjeldahl  flask,  cover  with  20  cc  of  water,  shake 
and  allow  to  stand  for  ten  minutes.  Then  add  two  grams  of  powdered  iron  (reduced 
iron  answers  very  well)  and  10  cc  of  sulphuric  acid  (sp.  gr.  1.35).  Warm  gently  on 
furnace  until  evolution  of  hydrogen  ceases.  Add  0.7  gram  of  mercuric  oxid  and  20 
cc  of  strong  sulphuric  acid,  and  then  proceed  as  in  the  regular  Kjeldahl  method. 

ULSCH-GUNNING  METHOD. 

Make  the  preliminary  conversion  as  above  with  reduced  iron  and  dilute  sulphuric 
acid.  Proceed  as  in  the  regular  Gunning  method  as  given  in  Bulletin  46,  United 
States  Department  of  Agriculture,  page  17.  In  samples  rich  in  carbon,  as  sample  No. 
2,  it  is  necessary  to  boil  for  some  time  after  the  liquid  becomes  colorless. 

Comparison  of  methods. 


Xo.  2. 


Analysts. 


T.  C.  Trescot,  TJ.  S.  Dept.  of  Agr. . . . 

H.  K.  Miller,  N.  C.  Station 

C.  H.  Jones,  Vt.  Station 

F.  B.  Bomberger,  Md.  Station 

E..  J.  Davidson,  Va.  Station 

A.  W.  Ogden,  Conn.  Station 

C.S.Cathcart,  Lister"  8  Agricultural 

Chemical  Works 

H.  E.  Curtis,  Ky.  Station 

A.  L.  Emery,  Ohlandt  Fertilizer 

Works  

J.  P.  Street,  N.  J.  Station 


Per  ct. 
3.73 
3.83 
3.C2 
3.72 
3.74 
3.58 

3.72 
3.79 

3.83 


Average !      3. 72 

Theory 3.71 


Per  ct. 

3.78 
3.65 
3.68 
3.74 


Per  ct. 


3.76 
3.83 


3.82 
3.72 


3.75 



3.76 

3.67 

3.74 

3.77 

3.79 

Per  ct. 
3.70 
3.81 
3.63 
3.76 
3.75 


3.78 


3.84 
3.69 


J.  75 


3.75 


3.74 


No.  3. 


5" 


Per  ct. 
4.51 
4.67 
4.50 
4.58 
4.61 
4.41 

4.58 
4.48 

4.65 
4.49 


Per  ct. 


4.55 
4.57 


4.68 
4.52 
■4.83 
4.46 
4.50 

4.52 
•4.28 

4.63 
4.52 


4.55 


4.50 


4.54 


o 

P 

Per  ct. 

Per  ct. 

4.54 

4.52 

'4.72 

4.52 

4.58 

14.78 



4.49 

4.42 

4.59 

4.66 
4.50 


4.51 


1  !Not  included  in  average. 
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COMMENTS   OF  ANALYSTS. 

T.  C.  Trescot.— The  data  obtained  by  tlie  Ulscli-Kjeldahl  method  were  so  unsatis- 
factory that  no  report  is  made  of  them. 

A.  L.  Emery. — I  am  unable  to  understand  why  the  Gunning  method  on  sample  3 
should  run  low.  In  other  comparative  results  I  have  found  it  to  agree  very  closely, 
I  am  very  much  pleased  with  the  Ulsch-Gunning  method.  It  is  rapid  and  the 
reaction  seems  to  be  clean  and  complete  in  both  low  and  high  grade  material. 

A.  W.  Ogden. — The  Gunning  methods  gave  rather  higher  results  on  sample  2  than 
the  Jodlbauer.  These  high  results  I  believe  are  nearest  correct  and  give  us  a  point 
in  favor  of  the  sulphate  of  potash  methods.  In  our  regular  fertilizers  we  have  not 
found  such  a  difference,  and  we  conclude  the  sample  must  be  extraordinary. 

While  there  are  no  wide  variations,  the  results  by  the  Kjeldahl  method,  which  is 
an  official  method  of  this  association,  are  not  entirely  satisfactory.  There  is  a 
variation  of  over  0.10  per  cent  in  three  results  on  No.  2  and  in  two  on  No.  3,  which 
is  greater  than  we  usually  expect  by  this  method.  The  Gunning  results  are  excel- 
lent, the  greatest  variation  in  No.  2  being  0.08  per  cent  and  on  No.  3,  0.06  per  cent. 

The  results  sectired  by  both  of  the  new  methods  are  quite  satisfactory.  With  the 
Ulech- Kjeldahl  method  the  greatest  variation  from  theory  on  No.  2  is  0.12  per  cent 
and  on  No.  3, 0.28  per  cent.  Six  of  the  eight  results  on  No.  2  vary  less  than  0,08  per 
cent  and  six  of  the  nine  results  on  No.  3  vary  less  than  0.10  per  cent.  With  the 
Ulsch-Gunning  method  the  greatest  variation  from  theory  on  No.  2  is  0.13  per  cent 
and  on  No.  3,  0.22  per  cent.  Two  results  vary  by  more  than  0.10  per  cent  on  No.  2 
and  three  on  No.  3.  By  eliminating  the  few  wide  results,  we  secure  averages  by  the 
two  methods  almost  identical  on  both  samples.  The  results  obtained  by  both  of 
these  methods  are  quite  as  good  as  those  secured  by  the  modified  Kjeldahl  method 
in  both  samples. 

One  hundred  and  ninety-four  comparative  tests  have  been  made  between  the  Ulsch- 
Kjeldahl  and  the  official  methods  by  Mr.  L.  H.  Merrill,  of  the  Maine  Station,  and  the 
referee  during  the  last  two  years.  The  averages  secured  by  the  two  methods  are 
identical  by  both  methods.  It  is  believed,  however,  that  this  method,  as  well  as 
the  Ulsch  Gunning  method,  may  be  further  perfected,  and  the  referee  does  not  feel 
justified  in  recommending  their  adoption  until  a  more  general  trial  has  been  made. 

III. — The  Determination  of  the  Availability  op  Organic  Nitrogen. 

Ten  chemists  signified  a  desire  to  receive  samples  for  the  study  of  the  availability 
of  organic  nitrogen  ;  of  this  number,  seven  have  returned  results. 

It  was  the  plan  of  the  referee  to  make  a  further  study  of  the  pei^sin-hydrochloric 
acid  and  the  permanganate  of  potash  methods.  For  this  purpose  ten  samples  of 
organic  nitrogenous  materials  were  prepared.  These  samples  were  carefully  dried, 
ground,  bottled  and  sealed  as  described  in  the  earlier  part  of  this  report.  A 
description  of  the  samples  follo^ws : 

No.  4.  Dried  blood. — A  high-grade  sample  in  good  mechanical  condition. 

No.  5.  Cotton-seed  meal. — A  fine  yellow  sample  of  the  decorticated  meal,  contain- 
ing 3.74  per  cent  phosphoric  acid  and  1.99  per  cent  potash. 

No.  6.  Dried  ground  fish. — Containing  8.02  per  cent  phosphoric  acid. 

No.  7.  Tankage. — An  average  sample,  containing  14.78  per  cent  phosphoric  acid. 

No.  8.  Hoof  meal,  ''E"  brand. — A  fine  dry  product. 

No.  9.  Raw  leather. — Pure  sole-leather  shavings  obtained  from  a  local  factory. 

No.  10.  Wool  waste. — An  unusually  good  sample  of  this  product,  containing  0.53 
per  cent  phosphoric  acid  and  2.42  per  cent  potash. 

No.  11.  Bone  sawings. — A  hard,  dry  bone  obtained  from  a  button  factory.  It  con- 
tained 25.42  per  cent  phosphoric  acid. 

No.  12.  Steamed  bone. — In  very  fine  mechanical  condition,  and  containing  26.92 
per  cent  phosphoric  acid. 

No.  13.  Raw  bone  meal, — An  average  sample,  containing  22,70  per  cent  phosphoric 
acid. 

The  value  of  work  of  this  kind  is  greatly  enhanced  by  the  use  of  vegetation  cul- 
tures.    With  this  idea  in  mind,  the  referee  started  twenty-four  vegetation  experi- 
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ments  witli  oats  and  fifteen  witL  sweet  potatoes.  The  oat  crops  were  harvested  on 
August  17,  but  the  i)res8nre  of  work  has  ])een  so  great  that  it  has  been  ira])os8ihle 
to  make  the  analj^ses  of  the  different  crops.  The  sweet  potato  crops  are  still 
iinharvested.  In  these  vegetation  tests  portions  of  the  samples  of  organic  nitrogen 
sent  out  for  analysis  were  used.  It  is  unfortunate  that  this  work  could  not  be  com- 
pleted prior  to  this  convention,  and  the  referee  is  forced  to  defer  any  further  report 
on  it  until  our  next  meeting. 

The  ten  samples  selected  were  thought  to  fairly  represent  the  most  common  sources 
of  organic  nitrogen.  The  Idood,  cotton-seed  meal,  fish,  tankage,  and  hoof  repre- 
sented materials  known  to  possess  a  high  degree  of  availability,  while  the  wool 
waste  and  raw  leather  were  considered  to  have  their  nitrogen  in  a  comparatively 
insoluble  form.  The  three  samples  of  bone  were  selected  to  furnish  a  comparison 
as  to  the  availability  of  the  nitrogen  in  the  three  main  classes  of  ground  bone.  The 
first  was  a  button  bone  which  had  been  thoroughly  dried  and  which  contained  little 
fatty  matter.  The  second  was  a  steamed'  bone  of  very  fine  mechanical  condition, 
from  which  nearly  all  of  the  fatty  matter  had  been  extracted  by  the  process  of 
steaming,  which  also  destroyed  the  cellular  structure  of  the  bone,  and  is  supposed 
to  render  its  ingredients  more  available  to  the  plant.  The  sample  of  raw  bone 
consisted  of  untreated  bone;  quite  a  large  amount  of  fatty  matter  was  present. 

In  sending  out  the  samples  the  referee  requested  that  four  series  of  determinations 
should  be  made: 

(1)  Total  nitrogen  by  the  Kjeldahl  method. 

(2)  The  digestibility  of  the  organic  nitrogen  in  pepsin  solution. 

(3)  The  digestibility  of  the  organic  nitrogen  in  acid  permanganate  solution. 

(4)  The  digestibility  of  the  organic  nitrogen  in  alkaline  permanganate  solution. 

(1)  Total  Nitrogen  by  the  K.teldahl  Method. 
Determination  of  organic  nitrogen  by  Kjeldahl  method. 


Analysts. 
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1 

5) 

43 

1 

(D 

SI 
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1 
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1 

'0 
0 

0) 

1 
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Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Perct. 

Per  ct. 

Per  ct. 

Per  ct. 

Perct. 

Perct. 

E.  J.  DaTidson,  Va.  Station  . . 

13.98 

7.23 

8.80 

6.32 

14.11 

17.32 

2.53 

3.91 

2.72 

4.16 

J.  P.  Street,  N.  J.  Station 

14.07 

7.39 

8.82 

6.33 

14.12 

7.58 

2.43 

3.92 

2.80 

4.16 

T.  C.  Trescot,  U.  S.  Dept.  of 

Agr 

13.86 
14.19 
14.08 

7.30 
17.60 
7.46 
7.28 

18.57 

16.09 
6.42 
6.33 

'13.61 
13.95 
13.97 

7.59 
7.65 
7.40 
7.57 

H.  B.  Slade,  Me.  Station 

4.08 

0.  W.  Knight,  Me.  Station  . . . 

Am 

L.M.  Bloomfield,  Ohio  Station 

2.42 

2.80 

4  17 

W.  H.  Heileraan,   Washing- 

ton Station 

8.73 

113.58 

17.21 

2.66 

3.95 

2.80 

Average 

14.04 

7.33 

8.78 

6.35 

14.04 

7.56 

2.51 

3.93 

2.78 

4.14 

'  Not  included  in  averages. 


COMMENTS   OF   ANALYSTS. 

T.  C.  Trescot. — The  nitrogen  was  determined  in  samples  4  and  8  by  the  regular 
methods  and  also  by  the  absolute  method  of  combustion  in  copper  osid.  This 
method  was  also  used  with  all  the  samph^s.  The  nitrogen  as  determined  by  the 
moist  combustion  process  agreed  very  closely  with  that  obtained  by  the  combustion 
in  copper  oxid. 

L.M.  Bloomfield. — I  made  a  number  of  redeterminations,  using  0.5  gram  of  material 
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and  boiling  about  six  hours.  Thongli  the  duplicates  do  not  agree  as  closely  aa  I 
usually  am  able  to  get  them,  they  are  much  better  than  the  other  results  sent  you. 
The  boiling  was  evidently  the  fault.  Not  having  had  experience  with  materials  of 
that  kind,  I  had  overlooked  the  fact  that  seems  to  be  well  established  that  they 
need  prolonged  treatment  with  the  acid  in  order  to  get  all  of  the  nitrogen.  The 
following  are  my  new  determinations: 


Sample. 

Per  cent. 

Per  cent. 

No.  5     

7.42 
9.10 

7.28 

7.70 
9.24 
7.56 

No.  6 

No.  9 

The  results  of  these  analyses  show  quite  clearly  the  necessity  of  careful  manipu- 
lation in»even  such  a  reliable  and  well-established  method  as  that  of  Kjeldahl.  As 
a  rule  the  chief  difficulty  seemed  to  be  the  analyst's  inability  to  secure  all  the  nitro- 
gen in  the  sample.  In  every  case  but  one,  where  there  was  a  wide  discrepancy,  the 
results  were  too  low.  The  low-grade  samples,  thte  tliree  bones  and  the  wool  waste, 
occasioned  little  trouble,  but  the  high-grade  materials  show  variations  not  to  be 
expected  from  the  hands  of  experienced  analysts.  In  blood  the  variation  was 
0.33  per  cent;  in  cotton-seed  meal,  0.37  per  cent;  in  fish,  0.23  per  cent;  in  tankage, 
0.33  per  cent ;  in  hoof  meal,  0.54  per  cent,  and  in  leather,  0.41  per  cent.  It  is  the  belief 
of  the  referee  that  as  a  rule  the  low  results  were  caused  by  insufficient  digestion.  It 
is  well  known  that  in  analyzing  such  refractory  materials  as  cotton-seed  meal,  hoof 
meal,  and  leather,  it  is  necessary  to  digest  for  some  time  after  the  liquid  becomes 
colorless.    Failure  to  take  this  precaution  is  sure  to  cause  low  results. 

(2)  The  Digestion  of  Orgaj^ic  Nitrogen  in  PErsiN-HYDROCHLORic  Acid 

Solution. 

The  method  used  was  substantially  the  same  as  that  given  in  the  Report  of  the 
Connecticut  Experiment  Station  for  1893,  page  219. 

Table  I. — Organic  nitrogen  indigesUMe  in  pepsin  solution. 
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Per  ct. 

Per  ct. 
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Perct. 

Perct. 

R.  J.  Davidson, Va.  Station. .<| 

0.42 
0.52 

0.84 
0.84 

1.96 
L96 

1.60 
1.68 

6.63 

6.78 

4.51 
4.55 

L73 
1.79 

0.10 

0.17 

0.45 
0.53 

0.36 
0.45 

J.  P.  Street,  N.  J.  Station . . . .  | 
T.  C.  Trescot,  U.  S.  Dept.  of 

0.49 
0.54 

0.71 
0.88 

1.69 
1.76 

1.69 
'1.86 

7.15 

7.22 

5.19 
5.21 

1.61 
1.71 

0.14 
0.20 

0.49 

0.56 

0.36 

0.42 

AST 

0  44 

0  66 

1  49 

6  67 

'3  75 

0  39 

H.  B.  Slade,  Me.  Station 

0.  W.  Knight,  Me.  Station  . . . 
L.  M.  Bloomfield,  Ohio  Station 

'0.14 

0  91 

'2.  48 

'  8.  85 

'5  65 

1  1  11 

0.48 

0.66 

1.64 

6.90 

0.29 

{ 

0.98 
'1.82 

/ 

2.10 
2.17 

1.64 
1.66 

'  3.  85 
4.69 

4.62 

4.82 

1.82 
1.89 

1.55 
1.64 

0.03 
0.08 

'0.70 
11.05 

0.43 
0.46 

0.49 
1 1  82 

W.  H.  Heileman,  Washing- 
ton Station  . 

'5.90 
'6.27 

I 

Average                .  . 

0.48 

0.81 

1.87 

1.62 

6.89 

4.80 

1.72 

0.12 

0.49 

0  39 

1  Not  included  in  averages. 


Five  of  the  seven  analysts  obtained  concordant  results  by  this  method.  Two 
chemists  report  results  widely  divergent  from  the  others.  In  one  case  the  analyst 
seemed  to  have  difficulty  in  securing  closely  agreeing  duplicates,  one  set  of  results 
agreeing  closely  with  those  of  other  analysts,  and  thtj  other  being  much  too  high, 
'"■he  other  chemist  failed  to  secure  agreement  with  a  chemist  working  in  the  same 
laboratory.  It  would  appear,  therefore,  that  these  variations  can  not  be  charg<*d  to 
lack  of  uniformity  in  the  samples  or  reagents,  as  the  same  were  doubtless  used  in 
both  cases,  but  to  that  old  friend  of  the  referees  of  this  association,  the  personal 
factor. 

To  show  the  full  significance  of  the  results  more  clearly,  the  referee  has  recalcu- 
lated them  on  the  basis  of  the  per  cent  of  availability. 

Table  II. — Availahility  of  organic  nitrogen  in  pepsin  solution. 


Analysts. 

2 

1      1      1 

5      5    1   p 

03 

3 
1 

1 

6 
1 

1 

1 

i 

i 

R.  J.  Davidson.  Va.  Station. . . 

J.  P.  Street,  X.  J.  Station 

T.  C.  Trescot,  U.  S.  Dept.  of 
Agr 

Per  ct.  Per  ct. '  Per  ct.  Per  ct. '  Per  ct.  Per  ct. 
96.6       88.5  '     77.7  1     74.2       52.3  '     40.1 
96.4       89.2        80.4        73.4       48.9       31.2 

96.  8        91.0    7fi.  .^        .^2.  .T  1  1  .f^fl.  A 

Perct. 
29.9 
33.9 

Perct. 
96.7 
95.7 

Per  ct. 
82.4 
81.3 

PercL 
90.3 
90.6 

90.6 

H.  B.  Slade.  Me.  Station i99.1       87.6    ifilO     '  .^7. 0     1 2.'>.  3 

173.2 

0.  W.  Knight,  Me.  Station  ...      96. 5  1     91.  0    

74.  2       50.  9 

93.0 

L.  M.  Bloomfield,  Ohio  Station 

86.  6        7.5.  8 

38.0 
37   fi 

26.3 
36.7 

1  168.7 

88.2 

W.  H.  Heilenian,  Washington 
Station  

81.2 

'156.7 

98  7  '     84  2    

Average 

On  basis  of  blood  =  68 

96.6 

68 

68 

89.0 

63 

74 

78.8 

55 

69 

74.  6        52.  3        36.  7 
53           36       ,     26 
61            67       1       2 

31.7 

22 

31 

97           82. 6       90. 5 
C8       J     58       ,64 
fin 

1  Xot  included  in  averages. 

As  "was  pointed  out  last  year,  a  difference  of  a  few  hundredths  makes  quite  a  large 
diflference  when  the  results  are  calculated  on  this  basis.  For  instance,  the  extreme 
variation  in  the  cotton-seed  meal  from  86.6  per  cent  to  91  per  cent  is  caused  by  a 
difference  of  but  0.32  per  cent,  while  the  variation  in  the  leather  of  8.9  per  cent  is 
due  to  a  difference  of  but  0.57  per  cent.  When  considered  from  this  standpoint  the 
results  are  remarkably  uniform  and  show  that  this  method  will  give  concordant 
results  in  the  hands  of  different  analysts  in  different  laboratories.  The  value  of  the 
method  depends,  however,  on  how  far  it  is  an  interpreter  of  the  actual  results  secured 
by  the  growing  plant.  As  pointed  out  above,  the  referee  was  unable  to  finish  his 
vegetation  tests  in  time  to  secure  data  on  this  point.  However,  as  the  materials  used 
were  of  average  grade,  excei)t  possibly  the  wool  waste,  which  was  an  unusually  good 
sample  of  that  i)rodu(t,  a  rough  comparison  may  be  nuide  with  vegetation  tests  on 
the  same  class  of  materials  by  other  workers.  Using  the  results  obtained  by  Dr. 
Jenkins,  we  find  a  fair  agreement  in  all  classes  of  goods  except  in  the  case  of  the 
hoof  meal,  whose  vegetation  test  availability  is  67  but  whose  iK'psin  availability  is 
but  36.  This  fact  merely  emphasi/es  what  has  been  noted  by  other  workers,  that  the 
pe]»siu  digestibility  of  hoof  meal  is  no  measure  of  its  availability  to  the  plant. 

(3)  The  Digestion  of  Organic  Xitrogen  in  Permanganate  of  Potash  Soution. 

Method  in  acid  solution. — Weigh  1  gram  of  material  into  a  5(X)  ce  fiask,  add  a  little 
paraffin  and  100  cc  of  permanganate  solution  (consisting  of  16  grams  of  potassium 
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permanganate  and  100  cc  of  concentrated  c.  p.  sulphuric  acid  to  the  liter).  Con- 
nect with  distilling  apparatus  and  heat  at  a  low  temperature  j nst  below  boiling  for 
one  hour.  Then  add  50  cc  of  saturated  sodium  hydrate  solution,  distill  for  thirty 
minuteS;  and  titrate  as  usual. 

Meilxod  in  alkaline  solution. — Weigh  1  gram  of  material  into  a  500  cc  flask,  add  a 
little  paraffin  and  100  cc  of  permanganate  solution  (consisting  of  16  grams  of  potas- 
sium permanganate  and  300  cc  of  saturated  sodium  hydrate  solution  to  the  liter). 
Connect  as  before  and  heat  below  boiling  for  one  hour.  Then  increase  the  tempera- 
ture and  distill  for  thirty  minutes  as  above. 

Table  III. — Availability  of  nitrogen  in  alkali  permanganate. 


Analysts. 

1 

1 
P- 

a 

1 
s 

S-i 

p 

45 

1 
1 

1 

1 

1 

cS 

i 

1 

1 

.9 

1 

o 

W 

6 

a 

g 

1 
1 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Perci. 

Per  ct. 

Perct. 

Perct. 

E.  J.  Davidson,  Va.  Station. . . 

42.2 

38.1 

49.8 

55.3 

46.6 

24.6 

69.3 

T.9 

78.8 

76.1 

J.  P.  Street,  IST.  J.  Station 

26.6 

23.9 

23.9 

29.4 

25.2 

9.3 

33.9 

54.4 

49.3 

44.0 

T.  C.  Trescot,  U.  S.  Dept.  of 

Aer 

60  9 

64.3 

76.1 

67  9 

43  3 

82  6 

H.  B.  Slade,  Me.  Station 

0.  W.  Knight,  Me.  Station 

L.  M.  Bloomfield,  Ohio  Station 

31.8 

31.8 

48.5 

39.6 

17.2 

78.0 

30.6 

32.8 

19.4 

58.6 

68.0 

62.6 

W.  H.Heileman,  Washington 

Station                ... 

29.8 

28.7 

12.6 

50.2 

68.2 

63.7 

Table  IV. — Availability  of  nitrogen  in  acid  permanganate. 
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Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Perct. 

R.  J.  Davidson,  Va.  Station. . . 

42.9 

42.3 

53.5 

64.4 

46.4 

29.1 

62.9 

79.9 

77.7 

77.7 

J.  P.  Street,  N.  J.  Station 

38.7 

36.6 

48.9 

62.4 

42.3 

2L2 

61.8 

74.3 

73.4 

71.3 

T.  C.  Trescot,  U.  S.  Dept.  of 

At            ..                

53.1 

65.8 

66.1 

5L7 

55.3 

74.4 

H.  B.  Slade,  Me.  Station 

0.  W.  Knight,  Me.  Station 

L.  M.  Bloomfield,  Ohio  Station 
W.  H.Heileman,  Washington 

35  2 

32  7 

58.0 

49.0 

22.5 

i 

69.3 

34  7 

31  1 

56  4 

33  5 

17  6 

70.0 

30.6 

31.9 

18.5 

61.4 

70.5 

54.1 

40.2 

35.7 

16.1 

38.6 

63.1 

6L9 

There  is  an  utter  lack  of  agreement  in  the  results  by  these  two  methods,  especially 
where  the  alkaline  permanganate  is  used.  The  referee  was  unable  to  test  this 
method  thoroughly  before  sending  out  the  instructions,  and  in  this  way  certain  pos- 
sible sources  of  error  escaped  his  attention  which  would  have  been  otherwise  noticed. 
In  the  work  with  this  method  last  year,  Mr.  R.  J.  Davidson  and  the  referee  were 


25 

the  only  chemists  who  reported  results,  and  their  work  was  upon  a  limited  number 
of  materials.  Their  results  agreed  quite  closely  and  compared  well  with  the  vege- 
tation tests  in  the  sanie  samples.  Tlie  acid  solution  appeared  to  he  particularly 
promising. 

After  nuiking  a  number  of  tests  this  year,  it  became  evident  to  the  referee  that 
the  method  as  suggested  was  a  difficult  one  to  control.  The  directious  provided 
that  during  the  digestion  the  solutions  should  be  heated  just  below  boiling.  This 
was  found  to  be  almost  an  impossibility,  and  it  was  very  difficult  to  maintain 
uniform  conditions  in  two  different  sets  of  tests.  It  is  more  than  likely,  therefore, 
that  this  inability  to  control  the  temperature  and  keep  it  uniform  is  in  a  large 
measure  responsible  for  the  poor  agreement  of  the  results.  A  study  of  the  table 
shows,  however,  that  notwithstanding  this  failure  to  agree  with  each  other,  the 
results  of  the  different  analyses,  if  taken  separately,  show  a  very  decided  uniformity 
in  the  relative  availability  of  the  different  organic  forms.  The  three  forms  of  bone 
were  found  to  be  the  most  available,  while  the  others  followed  in  this  order :  tankage, 
wool  waste,  fish,  lioof  meal,  blood,  cotton-seed  meal,  and  leather.  These  results 
were  far  from  satisfactory,  as  it  was  known  that  with  the  exception  of  the  leather 
the  order  of  their  availability  should  be  almost  reversed. 

AVAILABILITY   OF    NITROGEN   TAKEN   IN   EQUAL   AMOUNTS. 

It  then  occurred  to  the  referee  that  the  difficulty  might  be  obviated  were  the 
same  amount  of  organic  nitrogen  used  in  each  determination  instead  of  the  same 
amount  of  material.  Accordingly  a  new  series  of  determinations  was  made,  where 
an  amount  of  organic  nitrogen  equivalent  to  that  contained  in  one  gram  of  cotton- 
seed meal  was  taken  in  each  case.     The  results  of  these  analyses  follow: 

Table  Y. — JvailabiUty  of  nitrogen  in  equal  amounts. 


Substances. 

Amount 
taken. 

Availa- 
bility. 

Amount 
taken. 

Availa- 
bility. 

Dried  blood 

Grams. 

Per  cent. 
26.6 
23.9 
23.9 
29.4 
25.2 
9.3 
33.9 
54.4 
49.3 

Grams. 
0.5 

Per  cent. 
•)«  9 

1.0  1        21.0 
.8           5>3. 7 

Dried  fish ". 

1.2 
.  5 
1.0 
3.0 
1.9 
9H 

26.7 
32.9 
9.2 
25.1 
3L1 
26.8 
30.5 

Wool  waste 

Bone  sawinfiTs 

Steamed  bone      

44.9               1-8 

The  relation  shown  by  these  results  was  much  more  in  accord  with  the  vegetation 
tests,  and  the  results  appeared  to  determine  quite  closely  the  relative  availability  of 
the  different  forms. 

The  failure  of  the  method  in  the  hands  of  different  analysts  le.l  the  referee  to 
attempt  to  devise  some  method  whereby  the  conditions  could  be  controlled  more 
accurately.  It  was  suggested  by  the  Maine  Station  that  a  3  per  cent  neutral  solution 
of  permanganate  be  used  and  that  the  digestion  take  place  on  a  steam  bath.  Acting 
on  this  suggestion,  the  referee  adopted  the  following  line  of  treatment,  and  secured 
very  promising  results. 

Method. — Weigh  1  gram  of  material  into  a  500  cc  Erlenmeyer  flask;  add  100  cc  of 
neutral  3  per  cent  permanganate  of  i)otash  solution,  and  digest  on  a  steam  bath  for 
thirty  minutes,  shaking  occasionally  to  moisten  any  particles  of  the  material  adhering 
to  the  sides  of  the  flask.     Add  200  cc  of  cold  water,  and  filter  and  wash  tliree  or  four 
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times,  using  from  125  to  150  cc  of  water.  Determine  the  total  nitrogen  in  the 
undigested  residue  by  the  ordinary  Kjeldahl  method. 

In  the  first  tests  by  this  method  an  attempt  was  made  to  filter  the  solutions  while 
still  hot,  hut  it  was  found  that  aside  from  the  difficulty  of  handling  a  hot  solution 
the  great  concentration  of  the  liquid  made  the  filtration  very  tedious.  It  was  dem- 
onstrated by  comparative  results,  as  will  be  noted  later,  that  dilution  of  the  solu- 
tion gave  even  better  results,  and  this  practice  was  employed  in  all  subsequent  tests 
by  this  method. 

In  the  following  table  are  also  incorporated  some  tests  made  by  Mr.  H.  B.  Slade, 
of  the  Maine  Station.  In  his  report  Mr.  Slade  did  not  specify  the  method  of  filtra- 
tion used,  and  it  is  assumed  that  it  was  carried  on  while  the  solutions  were  still  hot. 
The  calculations  are  made  on  the  basis  of  per  cent  of  availability. 

Table  VI. — Availability  of  nitrogen  in  equal  amounts. 


Substances. 


Dried  blood 

Cotton-seed  meal 

Dried  fish 

Tankage 

Hoof  meal 

Raw  leather 

Wool  waste 

Bone  sawings . . . 

Steamed  bone 

Raw  bone 


Street. 


Per 


cent. 
95.3 
92.5 
92.8 
94.5 
93.9 
64.2 
90.8 
91.6 
92.1 
86.2 


Slade. 


Per  cent. 
94.3 
89.4 


95.0 
91.3 
26.5 


Average. 


Per  cent. 
94.8 
91.0 
92.8 
94.8 
92.6 
45.3 
90.8 
^91.  6 
92.1 
90.2 


A  study  of  the  table  shows  a  very  marked  difference  between  the  availability  of 
the  leather  and  the  other  materials,  the  availability  ranging  from  94.8  per  cent  in  the 
case  of  the  blood  to  45.3  per  cent  in  the  case  of  the  leather.  The  wool  waste  shows 
an  availability  of  90  8  per  cent,  higher  than  one  would  expect,  but,  as  was  pointed 
out  earlier  in  the  report,  this  sample  was  an  unusually  good  product  and  probably 
does  not  fairly  rex)resent  the  average  wool  waste  on  the  market.  It  is  impossible  to 
draw  any  positive  conclusions  from  these  results  without  vegetation  tests  as  a  basis  of 
comparison,  but  it  is  believed  that  further  study  of  this  method,  possibly  with  varia- 
tions in  the  strength  of  the  permanganate  solution,  may  point  out  a  chemical  method 
which  will  secure  results  in  close  accord  with  vegetation  cultures. 

Recommendations. 

(1)  That  the  Ulsch-Street  method  for  nitric  nitrogen  be  made  an  ofiicial  method. 

(2)  That  the  study  of  the  Ulsch-Kjeldahl  and  Ulsch-Gunning  methods  for  total 
nitrogen  in  the  presence  of  nitrates  be  continued  next  year. 

(3)  That  the  permanganate  of  potash  method  for  determining  the  availability  of 
organic  nitrogen  be  further  studied  next  year,  with  especial  reference  to  materials 
of  known  inferiority. 


COMMITTEE    ON    RECOMMENDATIONS— DISCUSSION    ON    NITRO- 
GEN. 

Upon  the  conclusion  of  Mr.  Street's  paper  the  cliair  appointed  the 
following  comaiittee  upon  recommendations :  Messrs.  Bartlett, Wheeler, 
Scovell,  Yan  Slyke,  and  Hite. 

Mr.  WiNTON.  I  would  like  to  say  a  word  with  regard  to  this  Ulsch- 
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Gunning  or  Fassbander-Gnnmng  method,  as  we  have  been  accustomed 
to  call  it.  This  method  has  given  very  good  results  indeed  at  our 
station.  We  have  tried  it  during  the  past  year  on  every  nitrate-con- 
taining fertilizer  that  has  come  into  our  laboratory,  and  it  has  given 
very  good  satisfaction  on  all  samples,  with  a  few  exceptions.  You  will 
notice  that  the  samples  the  referee  sent  out  contained  in  no  case  more 
than  If  per  cent  of  nitric  nitrogen.  .  On  such  samples  of  fertilizers  the 
method  is  perfectly  satisfactory.  The  time  of  digestion,  in  our  experi- 
ence, has  been  a  little  more  than  lialf  that  required  in  the  modified 
Kjeldahl  method.  It  seems  to  meet  every  requirement  in  the  case  of 
such  samples,  but  when  the  percentage  gets  up  to  3,  4,  or  5,  or  higher, 
it  is  not  at  all  accurate.  We  lose  several  tenths  of  a  per  cent  of  nitro- 
gen. This  point  was  brought  out  by  Mr.  Ogden,  of  our  station,  some 
years  ago  in  connection  with  the  Ulsch  method.  He  found  that  2 
grams  of  iron  would  not  give  him  theoretical  results  on  pure  salts 
where  the  percentage  was  15  or  16;  that  is,  when  the  nitric  nitrogen 
present  was  as  much  as  .07  gram.  In  such  cases  it  required  more  iron. 
Of  course,  it  naturally  followed  in  this  Ulsch-Gunniiig  method,  which 
is  merely  the  Ulsch  method  carried  a  little  further,  that  a  larger  quan- 
tity of  iron  was  necessary,  so  that  in  these  exceptional  samples,  with 
more  than  3  per  cent  of  nitric  nitrogen,  we  were  obliged  to  use  more 
iron.  We  did  it  reluctantly,  because  the  extra  amount  very  mate- 
rially interferes  with  the  distillation  and  causes  bumping  too  early  in 
the  process.  We  made  numerous  experiments  with  various  quanti- 
ties of  acid  to  see  if  it  were  not  possible  to  get  along  with  a  smaller 
amount,  but  we  were  not  successful.  Working  on  pure  nitrate  of  pot- 
ash in  half-gram  portions,  in  no  case  was  I  able  to  get  over  13.30  per 
cent,  whereas  the  theoretical  jjer  cent  was  13.80,  or  a  loss  of  one-half 
of  1  (0.5)  per  cent.  So  it  seems  necessary  in  such  cases  to  use  a  larger 
quantity  of  iron.  Now,  I  think  3  grams  of  iron  will  meet  every  possi- 
ble case  likely  to  be  encountered  in  the  analysis  of  mixed  fertilizers,  but 
our  experiments  show  that  when  the  percentage  of  nitrogen  is  as  high 
as  7,  even  that  quantity  is  insufiicient.  But  such  fertilizers  are  not 
likely  to  be  encountered.  I  think,  however,  it  will  be  well  if  in  the 
ensuing  year  the  point  can  be  takeo  into  consideration  whether  or  not 
it  is  desirable  to  modify  the  method  in  such  a  way  as  to  give  results  lor 
fertilizers  containing  high  XJercen4:ages  of  nitrogen. 

I  want  to  say  a  word  as  to  the  availability  of  nitrogen  in  different 
solutions.  It  seems  to  me  that  the  pepsin  solution  tells  a  better  story 
than  any  of  these  other  solutions.  For  example,  you  are  probably 
familiar  with  the  work  that  has  been  done  at  the  Connecticut  Station 
on  a  variety  of  substances,  and  if  you  remember  those  results,  they 
showed  that  while  dried  blood  and  cotton-seed  meal  did  not  give  as 
high  as  96.89  per  cent  available  nitrogen,  nevertheless,  with  the  pepsin 
solution,  a  better  clew  to  the  available  organic  nitrogen  in  these  sub- 
stances was  obtained  than  by  any  other  reagent  that  had  been  used. 
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The  point  I  wish  to  make  is,  that  although  this  pepsin  sohition  will  not 
coincide,  percentage  for  percentage  of  available  nitrogen,  at  all  closely 
with  actual  results  obtained  from  pot  experiments,  yet  it  gives  much 
better  results  than  other  solutions. 

With  anything  that  has  somewhere  about  80  or  90  per  cent  of  avail- 
able nitrogen  the  pepsin  solution  will  show  a  very  high  percentage 
when  tested  with  pot  experiments.  When  we  came  to  wool  waste  and 
raw  leather  we  found  the  pepsin  solution  in  a  pot  experiment  gave 
much  lower  results  than  that.  Now,  Dr.  Jenkins  has  proved  that  raw 
leather  contains  not  over  6  to  7  per  cent  available  nitrogen.  In 
experiments  conducted  at  our  station  for  two  years  on  raw  leather,  we 
found  just  the  same  thing,  whereas  the  availability  is  as  high  as  36 
per  cent.  So  we  established  the  rule  that  anything  under  50  per  cent, 
using  the  pepsin  vsolution,  would  be  considered  nonavailable,  but  any- 
thing running  above  50  per  cent,  with  the  pepsin  solution,  would  be 
available.  The  pepsin  solution,  considered  in  that  way,  gave  us  a  very 
good  idea  of  the  relative  availability  of  different  organic  matters. 

The  Peesident.  I  did  not  notice  that  you  said  anything  with  refer- 
ence to  hoof  meal. 

Mr.  WiNTON.  There  was  one  case  where  it  did  not  work.  I  think 
hoof  meal  was  proved  by  pot  experiments  to  be  quite  valuable.  Taken 
in  a  general  way,  the  pepsin  solution  seemed  to  be  the  best  thing  we 
could  employ  for  the  purpose.  1  think  it  does  give  us  a  very  good  clew 
to  the  available  organic  nitrogen. 

Mr.  Street.  The  chief  reasons  for  seeking  another  method  for  deter- 
mining the  ayailability  of  nitrogen  were,  first,  that  in  the  case  of  this 
hoof  meal  we  got  entirely  too  low  availability  by  the  pepsin,  and  the 
leather  was  entirely  too  high,  and,  secondly  and  chiefly,  that  it  takes  a 
great  amount  of  time.     It  requires  twenty-four  hours  digestion. 

Mr.  LiNDSEY.  It  seems  to  me  that  the  acid  permanganate  and  alkali 
permanganate  did  not  tell  a  very  straight  story. 

Mr.  Street.  They  are  no  good  at  all. 

Mr.  Ewell  offered  the  following  resolution : 

Besolved,  That  henceforth  in  reporting  results  of  trials  of  methods  the  following 
data  are  to  be  included: 

Number  of  determinations  by  each  analyst. 
Maximum  of  determinations  by  each  analyst. 
Minimum  of  determinations  by  each  analyst. 
Average  of  determinations  by  each  analyst. 

The  attention  of  the  referee  to  be  called  to  the  fact  that  the  general  averages 
should  be  calculated  from  the  sum  of  all  the  determinations  and  not  from  the  sums 
of  averages  for  individual  analysts. 

Eeferred  to  the  committee  on  recommendations. 
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REPORT    OF    COMMITTEE    ON   RECOMMENDATIONS. 

The  report  of  the  committee  on  recommendations  was  then  called 
for  and  read  by  Mr.  Bartlett. 

The  committee  recommends  tbat — 

1.  The  Ulsch-^Street  method  for  determination  of  nitric  nitrogen,  as  recommended 
hy  referee,  be  made  an  oftlcial  method. 

2.  That  the  Ulsch-Kjeldahl  or  Ulsch-Gunning  method  be  further  investigated. 

3.  That  tht^  referee  and  members  of  the  association  devote  what  time  there  may 
be  available  to  devising  and  perfecting  a  rapid  method  of  determining  avaiial)le 
nitrogen  in  mixed  fertilizers,  and  that  the  referee  call  the  attention  of  members  to 
the  subject  in  sending  out  his  directions  for  work. 

Mr.  Van  Slyke  moved  that  the  first  recommendation  be  adopted; 
viz,  that  the  Ulsch-Street  method  for  nitrogen  be  made  an  ofiicial 
method.     Adopted. 

Mr.  Huston  moved  that  the  second  recommendation  be  adoi)ted; 
viz,  that  the  TJlsch-Kjeldahl  or  Ulsch-Gunning  method  be  made  *the 
subject  of  further  study.     Adopted. 

Mr.  Van  Slyke  moved  the  adoption  of  the  third  recommendation; 
viz,  that  the  stud}^  of  a  rapid  method  for  determining  available  nitro- 
gen be  earnestly  commended  to  both  referees  and  members  of  the 
association. 

Mr.  ^YILEY.  I  have  no  vote  on  this  question,  but  perhaps  I  may  say 
that  rapidity  is  not  the  only  thing  to  be  considered.  Would  it  not  be 
well  to  say  '-a  rapid  and  reasonably  reliable  method?" 

The  Chair  reminded  the  association  that  only  those  members  actually 
concerned  with  fertilizer  control  work  were  entitled  to  vote  upon  these 
matters  of  fertilizer  analysis. 

Mr.  Persons  asked  if  the  association  could  not  allow  those  chemists 
who  were  in  charge  of  fertiUzer  work  at  stations,  though  not  actually 
official  State  chemists,  to  vote  upon  these  questions.  The  Chair  referred 
Mr.  Persons  to  the  history  of  this  restriction  on  voting,  stating  that  it 
had  been  made  upon  good  grounds,  and  that  if  he  would  look  up  the 
records  he  would  probably  not  be  disposed  to  criticise  this  clause. 

The  recommendation  was  thereupon  adopted. 

Mr.  Bartlett.  We  have  no  further  recommendation  with  regard  to 
this  matter  of  available  nitrogen. 

After  some  discussion,  it  was  agreed  that  the  hours  for  meeting 
should  be  from  9.30  a.  m.  to  12.30  p.  m.,  and  from  2  to  4.30  p.  m. 
The  report  on  i^otash  was  read  by  Mr.  Winton,  as  follows: 

EEPOET  ON  POTASH. 

By  A.  L.  WiNTOX,  Bcferei',  and  C.  H.  Jones,  Associate  Beferee. 

The  work  of  the  present  year  has  been  carried  oat  with  the  cooperation  of  the 
following  chemists:  Mr.  G.  E.  Patrick,  United  States  Department  of  Agriculture, 
Division  of  Chemistry,  Washington.  D.  C. ;  Mr.  A.  M.  Peter,  Kentucky  Experiment 
Station.  Lexington.  Ky. ;  Mr.  F.  B.  Bomherger.  Maryland  Agricultural  College.  Col- 
lege Park,  Md. ;  Mr.  A.  W.  Blair,  North  Carolina  Experiment  Station.  West  Raleigh, 
X.  C;  Mr.  B.  L.  Hartwell.  Rhode  Island  Ex])eriment  Station,  Kingston,  R.  I.;  Mr. 
F.  S.  Shiver,  South  Carolina  Experiment  Station,  Clemsou,  S.  C. 
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The  subjects  which  have  been  investigated  are: 

(1)  The  Stassfurt  methods  for  determination  of  potash. 

(2)  The  "optional"  method,  acidulating  with  hydrochloric  acid  before  precipitat- 
ing the  sulphuric  acid. 

(3)  The  determination  of  potash  by  the  Lindo-Gladding  method,  evaporating 
directly  with  platinum  solution,  without  previous  removal  of  lime. 

(4)  Quantities  of  platinum  solution  necessary  for  determinations  in  German  potash 
salts. 

Preparation  of  Materials. 

A  sufficient  quantity  of  the  materials  used  in  the  study  of  potash  methods  in  1896 
remained  for  the  determinations  of  the  present  year.  These  materials,  as  was  fully 
described  in  the  report  on  potash  last  year,  consisted  of  pure  potassium  chlorid, 
pure  potassium  sulphate,  and  mixtures  representing  the  impurities  in  each  of  the 
four  manure  salts  commonly  sold  in  the  United  States.  The  "impurities"  were  dis- 
tributed in  vials  in  quantities  corresponding  to  10  grams  of  the  commercial  salts 
of  average  composition.  The  total  contents  of  each  vial  were  boiled  by  each  analyst 
with  water,  made  up  to  a  definite  volume  and  filtered.  By  mixing,  in  the  proper 
proportions,  aliquots  of  this  solution  with  weighed  portions  of  the  pure  potash 
salts,  solutions  for  analysis  were  obtained  which  represented  definite  quantities  of 
the  commercial  salts. 

Details  as  to  quantities  are  given  in  the  following  table : 

Quantities  of  samples. 


Impurities. 


Muriate  of  potash 

Sulphate  of  potash  90  per  cent  . . . 
Sulphate  of  potash  and  magnesia 
Kainit 


Solution 
of  ' '  impu- 
rities " 
made  up 
to— 


cc. 
500 
400 
400 
125 


Equivalent  to  0.5  gram 
of  the  Stassfurt  salt. 


Solution 
of  ' '  impu- 
rities." 


25 
20 
20 
6i 


Pure  pot- 
ash salt. 


Gram. 

0. 42  KCl 

.  46  K2SO4 

.  26  K2SO4 

.  14  K2SO4 


In  making  comparative  determinations  by  the  Lindo-Gladding  method,  as  applied 
to  kainit,  samples  of  the  commercial  salt,  as  well  as  artificial  mixtures,  have  been 
used. 

(1)  The  Stassfurt  Methods. 

Through  the  courtesy  of  Dr.  B.  von  Herfif,  of  the  New  York  office  of  the  potash 
syndicate,  copies  of  the  description  of  the  Stassfurt  methods,  printed  in  the  German 
language,  were  secured  for  distribution  among  the  chemists  participating  in  the 
investigation  of  the  methods. 

The  following  translation  was  specially  prepared  by  Dr.  von  Herff  for  publication 
in  this  report.     The  footnotes  were  communicated  by  chemists  of  the  syndicate: 


description   of   methods   of   analysis  agreed    upon   and   adopted   by   the 
stassfurt  potash  industry. 

A. — Method  for  the  Determination  of  Potash  in  the  Concentrated  Salts. 

(1)  Muriate  of  potash. 

(a)  Determination  of  potassiuin  chlorid. 

Of  the  finely  ground  substance,  7.6405  grams  are  dissolved  and  the  solution  mad« 
up  to  500  cc.     If  the  sample  contain  more  than  5  per  cent  of  sulphuric  acid  (SO.3)  it 
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will  be  necessary  to  transform  the  sulphates  to  the  corresponding  chlorin  com- 
pounds by  precipitating-  with  acidulated  solution  of  barium  chloiid.  Twenty  cubic 
centimeters  of  the  filtrate  (=0.3056  gram  sibstance)  are  evaporated  with  a  5  cc 
platinum  chlorid  solution  ui»on  the  water  bath  in  a  shallow  porcelain  dish  of  about 
10  cm  diameter.  The  evaporation  is  facilitated  by  stirring,  and  is  carried  to  the 
point  where  the  thick  liijuid  rapidly  crystallizes  upon  cooling.'  The  dry  residue  is 
finely  ground  with  a  glass  pestle,  then  stirred  up  with '20  cc  of  alcohol  and  poured 
upon  the  filter,  which  has  previously  been  weighed  (while  warm)  after  drying  at  120^ 
to  130^  C.  One  hour's  drying  will  usually  be  found  necessary.  The  filter  should  first 
be  moistened  with  alcohol,  and  care  should  be  taken  not  to  pour  any  of  the  liquid 
upon  the  rim  of  th  '  filter.  The  filtration  may  be  accelerated  by  the  weak  action  of  a 
suction  pump.-'  The  potassium  platinum  chlorid  can  be  readily  and  completely 
washed  upon  the  filter.  The  ])recipitate  is  freed  from  the  alcohol  as  much  as  pos- 
sible by  suction  and  by  pressing  l)etween  filter  papers;  it  is  then  dried  at  120^  to 
130-  until  its  weight  is  constant.  This  will  require  about  twenty  minutes.  One 
milligram  potassium  platinum  chlorid  corresponds  to  0.1  per  cent  potassium  chlorid. 

(b)  Determination  of  chlorid  of  sodium. 

Twelve  and  a  half  grams  chlorid  of  potassium  are  dissolved  in  a  250  cc  flask  by 
boiling  with  25  cc  water,  to  which  a  little  potassium  carbonate  has  been  added  in 
order  to  transform  the  compounds  of  magnesium  and  calcium  into  carbonates.  The 
flask  is  filled  up  to  the  mark  with  aV)Solute  alcohol.  One  hundred  cubic  centimeters 
of  the  filtrate  (=  5  grams  of  the  substance)  are  evaporated  to  dryness  in  a  porcelain 
or  platinum  dish,  after  a  few  drops  of  the  concentrated  hydrochloric  acid  have  been 
added  to  transform  the  potassium  carbonate,  which  might  be  present,  into  potassium 
chlorid;  the  residue  is  heated  to  a  low  redness  and  weighed.  In  this  mixture  of  the 
chlorids  of  potassium  and  sodium,  either  chlorid  of  potassium  is  determined  after 
the  common  method  with  platinum  chlorid  and  sodium  chlorid,  calculated  from  the 
difi'erence,  or  it  is  determined  by  titrating  the  mixed  alkalies  with  one-tenth  normal 
silver  solution. 

(c)  Determination  of  chlorid  of  magnesium. 

Twenty-five  grams  of  chlorid  of  potassium  are  dissolved  in  a  500  cc  flask,  and  10 
cc  of  normal  potash  solution  are  added.  The  contents  of  the  flask  are  made  up  to 
the  mark,  and  50  cc  of  the  filtrate  are  titrated  with  one-tenth  normal  sulphuric  acid. 
The  soluble  compounds  of  calcium  present  do  not  influence  the  result. 

(£)  Determination  of  sulphate  of  potassium  and  sulphate  of  potassium  magnesium. 

(a)  Determination  of  j^otassium  sulphate. 

Dissolve  8.9235  grams  of  the  finely  ground  substance  in  a  500  cc  flask  with  about  350 
cc  boiling  water,  to  which  20  cc  of  concentrated  hydrochloric  acid  have  been  added. 
The  sulphuric  acid  is  precipitated  by  slowly  adding  barium  chlorid  solution  (from 
a  burette  with  glass  cock)  to  the  boiling  liquid.  The  precipitation  of  the  sulphuric 
acid  is  completed  if  the  clear  solution  do  not  become  turbid  by  the  addition  of  a 
small  fragment  of  barium  chlorid.  This  is  a  very  accurate  test.  If  an  excess  of 
barium  chlorid  have  been  added,  it  must  be  i)recipitated  with  sulphuric  acid.  After 
completing  the  precipitation  and  cooling,  the  flask  is  filled  up  to  the  mark  and  20  cc 
of  the  filtrate  (=0.357  gram  of  the  substance)  are  treated  as  usual  with  5  cc  of  plat- 
inum chlorid  solution.  One  milligram  K.PtCL;  corresponds  to  0.1  per  cent  K.-SOj. 
Three-tenths  of  1  per  cent  are  to  be  added  to  the  result  obtained  in  the  analyses  of 
sulphate  of  potash,  while  in  the  analyses  of  sulphate  of  jiotash-magnesia  no  correc- 
tion is  necessary.'^ 

(3)  Determination  of  potassium  chlorid  and  potassium  sulphate  in  calcined  manure  salts. 
(a)  Determination  of  potassium  chlorid  and potassixim  sulphate. 

Dissolve  15.281  grams  of  the  sample  (for  the  determination  of  muriate  of  potas- 
sium) or  17.847  grams  (for  the  determination  of  sulphate  of  potassium)  in  a  500  cc 


'  It  is  advantageous  to  evaporate  the  solution  to  complete  dryness  in  case  it  con- 
tains potassium  platinum  chlorid  and  sodium  platinum  chlorid  only,  because  the 
sodium  platinum  chlorid  is  thereby  rendered  free  of  all  Avater,  and  in  this  form  it 
is  more  soluble  in  absolute  alcohol,  or  in  alcohol  of  96  per  cent. 

-For  the  chemist  with  little  experience,  it  is  advisable  to  grind  the  precipitate 
once  or  twice  with  fresh  (juantities  of  alcohol  after  the  first  washing  liquid  has  been 
poured  off. 

•^In  order  to  obtain  accurate  results  it  is  absolutely  necessary  to  follow  the 
described  method  in  all  details.  Results  will  be  unreliable  and  niore  troublesome 
corrections  will  be  needed  if  the  liquid  bo  either  more  diluted  or  more  concentrated, 
or  if  the  sulphuric  acid  be  precipitated  from  a  scdution  which  is  either  very  slightly 
acid  or  even  neutral,  or  if  the  boiling  during  precipitation  be  interrupted. ' 
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flask  with  water,  to  which  10  cc  of  concentrated  hydrochloric  acid  have  been  added. 
The  flask  is  filled  up  to  the  mark,  the  contents  filtered,  and  250  cc  (=7.6405  and 
8.9235  grams,  respectively)  of  the  filtrate  are  treated  in  a  500  cc  flask  with  barium 
chlorid  solution  in  the  same  manner  as  in  the  determination  of  potassium  sulphate. 

B. — Method  for  Determination  of  Magnesium  Sulphate  in  Kieserit. 

Ten  grams  of  the  finely  ground  substance  are  boiJed  for  at  least  an  hour  in  a  500 
cc  flask  about  two-thirds  full  of  water.  After  cooling,  from  50  to  60  cc  of  double 
normal  potash  solution  and  20  cc  (1 :10)  neutral  ])otassium  oxylate  solution  are  added. 
The  flask  is  filled  up  to  the  mark,  and  the  liquid  filtered,  after  standing  for  a  quarter 
of  an  hour.  The  excess  of  alkali  in  the  filtrate  is  titrated  with  one-tenth  normal 
sulphuric  acid,  and  0.2  per  cent  are  to  be  added  to  the  sulphate  of  magnesia  obtained. 

C. — Methods  of  Analysis  of  Crude  Potash  Salts  (Carnallit,   Kainit,  Sijlvinit,    and 

Bergkieserit). 

(1)  Prepai-ation  of  sample. 

It  is  recommended  to  grind  a  large  sample  of  at  least  0.5  kg  in  weight  in  a  mill  or 
mortar,  in  order  to  avoid  differences  resulting  from  coarse  grinding. 

{2)  Determination  of  potash  hy  the  precipitation  method. 

Dissolve  35.70  grams  of  kainit  or  sylvinit,  or  30.56  carnallit  or  bergkieserit,  in  a 
500  cc  flask,  with  about  350  cc  boiling  water,  to  which  10  cc  hydrochloric  acid  have 
been  added.  After  cooling,  the  flask  is  filled  up  to  the  500  cc  mark,  50  cc  of  the  fil- 
trate are  precipitated  in  a  200  cc  flask  with  barium  chlorid  in  the  usual  manner,  and 
20  cc  (=0.3570  gram,  0.3056  gram  substance,  respectively)  are  evaporated  with  5  cc 
platinum  chlorid  solution,  and  further  treated  according  to  the  common  method, ^ 

(3)   Complete  analysis  of  the  crude  potash  salts. 

For  this  purpose,  100  grams  of  the  substance  are  dissolved  by  boiling  with  about 
500  cc  water.  The  solution  is  filtered,  the  residue  and  filtrate  washed,  and  the  filtrate 
and  wash  waters  made  up  to  1  liter.  A  portion  of  the  liquid  serves  for  the  determi- 
nation of  sulphuric  acid,  according  to  the  common  method,  by  precipitating  with 
barium  chlorid;  another  portion  serves  for  the  determination  of  lime  and  magnesia. 
For  the  determination  of  the  alkaline  chlorids  100  cc  of  the  solution  (=10  grams  of 
the  substance)  are  acidulated  with  hydrochloric  acid,  heated  to  boiling,  and  the  sul- 
phuric acid  completely  precipitated  with  barium  chlorid  in  a  500  cc  flask,  avoiding 
an  excess  of  the  barium  solution.  Fifty  cubic  centimeters  of  this  liquid  (^=  1  gram 
substance)  are  evaporated  to  dryness  in  order  to  drive  off  the  hj'drochloric  acid, 
and  thereafter  magnesium  chlorid  is  decomjiosed  by  igniting  with  oxalic  acid.  After 
the  ignition,  the  residue  is  moistened  with  a  little  ammonium  carbonate  in  order  to 
transform  the  calcium  oxid  into  calcium  carbonate.  In  the  mixture  of  the  chlorids 
of  the  alkalies,  which  are  now  entirely  free  from  lime  and  magnesia,  potassium 
chlorid  is  determined  by  evaporating  with  10  cc  platinum  chlorid  solution.  The 
weight  of  the  sodium  chlorid  is  obtained  by  subtracting  potassium  chlorid  from  the 
mixed  alkalies. 

In  calculating  the  results  obtained  from  kainit  and  sylvinit,  the  sulphuric  acid 
combined  with  calcium  is  first  subtracted  from  the  total  amount  of  soluble  sulphuric 
acid.  The  remainder  of  the  sulphuric  acid  is  calculated  to  potassium  sulphate»and 
magnesium  sulphate,  according  to  the  molecular  proportion  in  which  these  salts 
are  present  in  kainit  and  schoenit.  If,  after  this  calculation,  some  potassium  remain 
uncombined  with  sulphuric  acid,  it  is  to  be  reckoned  as  potassium  chlorid.  Like- 
wise the  remainder  of  the  magnesia,  uncombined  with  sulphuric  acid,  is  to  be 
reckoned  as  magnesium  chlorid.  The  result  of  the  calculation  will  show  how  much 
potassium  is  present  on  one  hand  in  the  form  of  kainit,  K^SO-i,  MgS04,  MgCLz-\-6H.>0, 
and  schoenit,  KjSO^,  MgS04  +  6H2O,  and,  on  the  other  hand,  in  the  form  of  potassium 
chlorid.     Sodium  is  reckoned  as  chlorid  of  sodium. 

In  carnallit  and  bergkieserit  calcium  oxid  is  calculated  to  sulphate  of  calcium, 
and  the  remainder  of  the  sulphuric  acid,  not  combined  with  calcium,  is  to  be 
reckoned  as  sulphate  of  magnesium.  Magnesia  uncombined  with  sulphuric  acid  is 
to  be  reckoned  as  magnesium  chlorid. 

^  To  be  more  particular,  it  is  recommended  here  to  take  a  rather  larger  quantity  of 
platinum  chlorid,  say  6  to  7  cC;  and  also  to  pay  attention  to  the  footnote  No.  2, 
page  31. 
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D. — Determination  of  Water. 

The  content  of  water  in  chloric!  of  potassium  and  la  the  other  concentrated  salts 
is  determined  by  heating  10  grams  of  the  sample  in  a  covered  platinum  crucible  for 
about  ten  minutes,  with  a  small  tlame  to  dark-red  heat.  In  the  analysis  of  salts 
which  are  rich  in  magnesium  chlorid  care  should  be  taken  to  avoid  the  decomposi- 
tion of  that  constituent.  This  can  be  effected  by  covering  the  substance  with  freshly 
ignited  lime,^  or  else  the  loss  of  chlorin  shouM  be  determined  by  double  titration, 
paying  attention  at  the  same  time  to  the  absorption  of  oxygen.  The  loss  in  weight 
is  to  be  subtracted  from  the  result  obtained  in  the  determination  of  water. 

APPENDIX. 

(1)  Preparation  of  the  solution  of  platinum  chlorid. 

The  recovery  of  the  platinum  from  the  alcoholic  wash  liquids  containing  potash 
salts,  and  also"  from  the  precipitates  of  potassium  platinum  chlorid,  is  carried  out  in 
a  large  porcelain  dish  upon  the  water  bath.  The  alcoholic  liquid,  after  being  diluted 
with  about  one-third  of  water,  is  heated  to  boiling,  sodium  carbonate  is  added,  and 
at  the  same  time  the  x>recipitates  of  potassium  platinum  chlorid  are  put  in  the 
reducing  liquid  in  small  portions  at  a  time.  The  heating  upon  the  water  bath  should 
be  continued  until  the  alkaline  liquid,  covering  the  precipitated  platinum,  is  i)erfectly 
clear.  Its  color  should  be  only  of  the  faintest  yellow.  After  pouring  off  the  liquid, 
the  reduced  platinum  is  cleansed  by  boiling  with  hydrochloric  acid  and  water.  It 
is  then  dried  upon  the  water  bath  and  ignited  for  the  purpose  of  destroying  organic 
compounds.-  It  is  a  good  plan  to  heat  the  finely  ground  platinum  once  with  pure 
concentrated  nitric  acid,  which  is  to  be  poured  oft".  The  platinum  is  dissolved  in  a 
large  porcelain  dish  upon  the  water  bath  by  first  heating  with  about  four  times  its 
weight  of  pure  concentrated  hydrochloric  acid,  to  which  nitric  acid  (in  proportion 
of  four  parts  of  hydrochloric  acid  to  one  of  nitric  acid)  is  gradually  added.  After 
the  solution  is  completed,  it  is  to  be  evai)orated  until  a  drop  taken  out  with  a  glass 
rod  solidifies  on  cooling.  The  solution  of  platinum  chlorid  is  allowed  to  cool,  and 
will  then  form  a  crystalline  cake,  which  is  dissolved  in  water,  filtered,  and  diluted, 
so  that  1  gram  of  platinum, is  contained.in  10  cc  of  solution  (sp.  gr.  1.18).  Special 
care  must  be  taken  that  the  solution  is  free  from  subchlorid  of  platinum  as  well  as 
Irom  nitrogen  compounds.  Platinum  subchlorid  may  be  converted  into  platinum 
chlorid  by  means  of  fuming  hydrochloric  acid  and  a  little  nitric  acid.  The  nitrogen 
compounds  are  destroyed  by  repeated  additions  of  hydrochloric  acid  and  water  dur- 
ing evaporation.  If  platinum  scraps  have  been  used  for  making  platinum  chlorid, 
it  should  be  freed  from  iridium  by  precipitating  the  platinum  chlorid  solution  with 
ammonium  chlorid  and  again  reducing  the  precipitate.  The  testing  of  the  purity  of 
the  platinum  chlorid  solution  is  most  conveniently  performed  by  iisiug  potassium 
chlorid  prepared  from  chemically  pure  materials. 

(2)  Preparation  of  barium  chlorid  sohifion. 

One  hundred  and  twenty-two  grams  of  crystallized  barium  chlorid  are  dissolved 
with  water  and  50  cc  concentrated  hydrochloric  acid  and  diluted  to  l^OOO'cc. 

(3)  Jlcohol. 

Alcohol  for  washing  the  platinum  precipitate  should  be  of  at  least  96  per  cent 
strength. 

(4)  Filter. 

For  filtering  potassium  platinum  chlorid,  the  Swedish  filter  Munktell  1  F.  is  best 
suited. - 
The  following  special  instructions  were  sent  out  by  the  referees: 

INSTRUCTIONS   FOR   TESTING   THE   METHODS. 

The  analyst  should  first  familiarize  himself  with  the  method  of  precipitating 
BaSO^,  working  on  solutions  prepared  as  directed  from  any  samples  of  real  Stass- 
furt  salts. 

1  Or  with  lead  oxid. 

2  Or  else  the  Gooch  crucibles  with  asbestos  may  be  emploved  for  the  purpose. 
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Muriate  of  potash. — Weigh  out  accurately  from  a  weighing  tuhe  about  0.25  gram, 
KCl,  c.  p.,  add  15  cc  muriate  of  potash  "impurities"  and  5  cc  of  water.  Evaporate 
with  5  cc  of  platinum  solution  and  proceed  otherwise  according  to  A,  1,  a.  Make 
hlank  on  reagents  and  *'  impurities." 

Sulphate  of  potash. — Weigh  out  exactly  3.2838  grams  K.^.S04,  c  p.  Transfer  to  a 
200  cc  flask,  add  143  cc  sulphate  of  x:»otash  *' impurities"  and  8  cc  HCl  concentrated. 
After  precipitating  BaSO^,  as  directed  under  A,  2,  make  up  to  200  cc,  Ulter  through 
dry  paper  and  proceed  with  20  cc  as  further  directed. 

Sulphate  of  potash  and  magnesia. — Weigh  out  exactly  1.8561  grams  KiS04,  c  p. 
Transfer  to  a  200  cc  flask,  add  143  cc  sulpliate  of  potash  and  magnesia  "impurities" 
and  8  cc  HCl  concentrated  and  proceed  as  with  sulphate  of  potash. 

Kainit. — Weigh  out  exactly  0.9996  gram  K2SO4,  c.  p.  Transfer  to  a  200  cc  flask, 
add  45  cc  kainit  "impurities,"  1  cc  HCl  concentrated,  and  4  cc  water.  Precipitate 
S0;5  and  proceed  as  directed  under  C,  2. 

Make  blank  determinations  on  reagents  (not  impurities)  used  in  the  analysis  of 
the  preceding  three  salts  as  follows:  Place  in  a  200  cc  flask  the  quantities  of  BaCl2 
solution  and  HCl  which  were  used  in  the  actual  analysis.  Add  water  so  the  bulk  of 
liquid  will  be  150  cc  and  heat  to  boiling.  Add  dropwise  slight  excess  of  pure  H;S04 
(which  should  leave  no  residue  on  evaporation) ;  allow  to  stand  some  time,  makeup 
to  the  mark,  and  filter  through  dry  paper.  Evaporate  20  cc,  drive  off  H^SO^,  add 
water  and  1  cc  HCl  concentrated.  Proceed  with  evaporation  with  platinum  solu- 
tion, treatment  with  alcohol,  etc.,  as  in  the  actual  analysis. 

For  filtering  and  weighing  the  KiPtCle  use  Gooch  crucibles  in  all  cases. 

In  testing  the  method  for  muriate  of  potash,  it  was  possible  to  weigh  out  the  KCl 
needed  for  each  determination  and  add  to  it  the  proper  quantity  of  the  solution  of 
"impurities/'  thus  avoiding  the  errors  and  waste  of  materials  incident  to  making 
up  a  larger  amount  to  a  definite  volume  and  removing  aliquot  portions. 

This  could  not  be  done  in  the  other  cases,  but  a  saving  of  materials  was  effected  by 
using  smaller  quantities  and  making  up  to  correspondingly  smaller  volumes.  The 
aliquot  portions,  after  precipitation  of  BaS04,  in  all  cases  represented  the  same 
quantities  of  material  as  they  would  if  the  normal  quantities  had  been  used. 

The  determination  of  the  potash  in  the  reagents  and  "impurities"  together  repre- 
sented certain  difficulties  in  the  case  of  the  salts  containing  sulphates,  and  as  the 
quantities  in  the  "impurities"  were  too  small  to  be  considered,  only  blanks  on  the 
reagents  were  made. 

The  analytical  data  obtained  by  the  several  analysts,  together  with  calculated 
results,  are  given  in  Tables  I  and  II. 

Before  converting  to  KCl  or  K2SO4,  the  total  KaPtCle  found  in  each  determination, 
was  first  corrected  for  the  amount  found  in  the  average  of  the  blank  determina- 
tions by  the  same  analyst.  As  directed  in  the  description  of  the  method,  the  old 
conversion  factors  (0.3056  to  KCl  and  0.3570  to  K0SO4)  were  employed.  In  the  case 
of  sulphate  of  potash,  90  per  cent  of  the  weights  of  K2SO4  found  were  corrected  by 
adding  0.0011  gram,  corresponding  to  the  correction  of  0.3  per  cent,  which,  according 
to  the  directions,  should  be  made  in  the  analysis  of  this  salt. 
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Table  I. — Determination  of  potassiiun  cldorid  by  the  >Sta88f art  method. 
[Old  factors.] 


Substances  and  analysts. 


!KC1  (dry) 
taken. 


KCl 
found. 


KCl  error. 


K2O 
error. 


Potassium  chlorid,  c.  p. : 
A.W.Blair 


Muriate  of  potash.    (KCl,  c.  p.  +  impu- 
rities) : 
G.  E.  Patrick 


A.M.Peter 

F.  B.  Bomberger 

A.W.Blair 

F.  S.  Shiver 

C.  H.Jones 


Gram. 

0. 2489 

.2489 

.2489 

.2489 

.2400 
.2404 
.3469 
.4945 
.2787 
.2832 
.2953 
.2815 
.2551 
.2701 
.2461 
.2836 
.2489 
.2489 
.2421 
.2424 
.2516 
.2573 
.2489 
.2489 
.2495 
.2511 
.2556 
.2556 
.2556 
.2556 


Gram.    '    Gram. 
0. 8225         0. 0060 

.8236 

.8202    

.8176    


1.7843 

1 . 7848 

11.1329 

11.6156 

1 . 9102 

1 . 9215 

1 . 9662 

1 . 9202 

1 . 8401 

1.8820 

1.8030 

1 . 9267 

.8157 

.8161 

.7953 

.7976 

.8281 

.8459 

.8312 

.8320 

.8195 

.8247 

.8370 

.8400 

.8374 

.8394 


,0005 


0053 


.0095 


.0020 


,0045 


Gram. 
0.2495 

.2499 
.2488 
.2480 


.3397 
.2398 
.3462 
.4937 
.2782 
.2816 
.2953 
.2812 
.2567 
.  2695 
.2454 
.2832 
.2491 
.2492 
.2414 
.2421 
.2514 
.2569 
.2511 
.2514 
.2498 
.2514 
.2544 
.2553 
.2545 
,2551 


Gram. 
+0. 0006 
+  .0010 
—  .0001 


—  . 0003 

—  . 0006 

—  .  0007 

—  .  0008 

—  .  0005 

—  .  0016 
.0000 

—  .  0003 
. +  .0016 

—  . 0006 

—  . 0007 

—  .  0004 
4-  .0002 
+  .0003 

—  . 0007 

—  .  0003 

—  . 0002 

—  .  0004 
+  .0022 
+  .0025 
+  .0003 
+  .0003 

—  . 0012 

—  .  0003 

—  . 0011 

—  .0005 


Gram. 
-f  0.  0004 
+  .0006 

—  .  0001 

—  . 0005 


—  .0002 

—  . 0004 

—  . 0004 

—  .  0005 

—  .  0003 

—  . 0010 
.0000 

—  .  0002 

—  .0010 

—  .  0004 

—  .  0004 

—  .0003 
+  .0001 
~   .0002 

—  .0004 

—  .  0002 

—  .  0001 

—  .0003 
+  .0014 
+  .0016 
+  .0002 
+  .0002 

—  .  0008 

—  . 0002 

—  .0007 

—  .  0003 


1  Corrected  by  blanks  with  impurities  and  reagents. 
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Table  II. — DeternvmaUon  of  potassium  sulphate  hy  the  Stassfurt  method. 
[Old  factors.] 


Substances  and  analysts 


Potassium  sulphate  c.  p. : 
A.  W.  Blair 


C.  H.  Jones. 


Sulphate  of  j)otash,  90  per  cent  (K2SO4 
c.  p.  +  impurities) : 
G.  E.  Patrick,  solution  ISTo.  1 


Gr.  E.  Patrick,  solution  No. 


A.M.Peter 

r.  B.  Bomberger . 


A.  W.  Blair . 


E.  S.  Shiver , 


C.  H.  Jones 


Sulphate    of   potash     and    magnesia 
(K2SO4  c.  p.  +  impurities) : 
G.E.Patrick 


K2SO4 
taken. 


Gram. 
0.  3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3570 
.3570 


.3284 
.1642 
•3284 
.3284 
.3284 
.3284 
.  3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.5284 


.1856 
.1856 
.1856 
.1856 


KzPtCle 
total 
found. 


Grain. 

0.  9532 

.9529 

.9553 

1 . 9081 

2.9083 

3.9110 

4.9025 

4.9023 

.9920 

.9950 


5.9214 

5.4532 

5.9095 

5.9132 

5.9145 

5.9141 

5.9217 

5.9149 

5.9142 

.9149 

.9193 

.9208 

.9211 

.9715 

.9706 

8.9209 

8.9156 

8.9170 

.9251 

.9245 

.  9165 

.9240 

.9165 

.9190 


5.5132 
5.5145 
5 . 5144 
5.5148 


K.PtCle 

from 
reagents. 


Gram. 
0.  0088 
.0096 
.0081 


4.0076 


,0030 


,0017 
,0063 


0088 


8.0083 
8.0076 


.0031 


K2SO4 
found. 


Gram. 

0.  3383 

.3381 

.3390 

1.3222 

2.3222 

3.3232 

4.3206 

4.3205 

.3542 

.3552 


.3300 
.1629 
.3258 
.3271 
.3276 
.3274 
5.3301 
.3277 
.3274 
.  3271 
.3270 
.3266 
.3277 
.3448 
.3445 
*.3270 
*.3251 
'.3256 
.3303 
.3300 
.3272 
.3299 
.3272 
.3281 


.1832 
.1837 


1838 


E:2S04 
error. 


Gram. 
+0.  0099 
-f  .0097 
+  .0106 

—  . 0062 

—  . 0062 

—  . 0052 

—  . 0078 

—  . 0079 

—  . 0028 

—  . 0018 


+  .0016 

—  .  0013 
■  -  .  0026 

—  . 0013 

—  .  0008 

—  . 0010 
+  .0017 

—  . 0007 

—  . 0010 
~  .0013 

—  .0014 

—  .0018 

—  . 0007 
+  .0164 
+  .0161 

—  .  0014 

—  . 0033 

—  .0028 
+  .0019 
+  .0016 

—  . 0012 
+  .0015 

—  .0012 

—  .  0003 


—  .  0024 

—  . 0019 

—  .  0020 

—  . 0018 


1  Subsequent  washing  of  K2PtCl6  with  ammonium  chJorid  solution  and  alcohol  gave  0.9061  g.  =: 
0.3219  g.  K2S()4. 

2  Subsequent  washing  of  K2PtCl6  with  ammonium  chlorid  solution  and  alcohol  gave  0.9041  g.  = 
0.3212  g.  K2SO4. 

3  Subsequent  washing  of  KaPtCls  with  ammonium  chlorid  solution  and  alcohol  gave  0.9061  g.  = 
0.3219  g.  K2SO4. 

4  KjPtCls  washed  with  ammonium  chlorid  solution. 

5  Corrected  with  blanks  on  reagents. 

6  Subsequent  washing  of  KiPtCle  with  ammonium  chlorid  solution  and  alcohol  gave  0.9157  g.  = 
0.3281  g.  K2SO4. 

''  The  barium  chlorid  was  added  largely  in  the  dry  state  in  preparing  solution  No.  2. 
*K2PtCl6  washed  with  ammonium  chlorid  solution  and  alcohol. 
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Table  II. — Determination  of  potassium  sulphate  by  the  Stassfurt  method — Continued. 

[Old  factors] 


Substances  and  analysts. 


K2SO4 
taken. 


Sulphate    of    potash    and    magnesia 
(K2SO4  c.  p.  —  impurities)— Cont'd. 
A.  M.  Peter 


F.  B.  Bombero:er 


A.  ^.  Blair 


F.  S. Shiver 
C.H.  Jones. 


Kainit  (£3804  c.  p.  -f  impurities) : 
G.  E.  Patrick,  .solution  Xo.  1. . . 


G.  E.  Patrick,  solution  Xo.  2. 


A.M.Peter 

F.  B.  Bomberger 


A.  W.  Blair 


B.  L.  Hartwell 
F.S.  Shiver  ... 

C.  H.Jones  ... 


KzPtClfi      KaPtClfi 
total  from 

found,      reagents. 


K2SO4 
found. 


Gram. 

Gram. 

0.1856 

0.  5112 

.1856 

.5127 

.1856 

.5215 

.1856 

.5220 

.1856 

.5214 

.1856 

.5467 

.1856 

.5464 

.1856 

1.5220 

.1856 

1.5203 

.1856 

1.5147 

.1856 

.5239 

.1856 

.5261 

.1856 

.5185 

.1856 

.5170 

.1856 

.5195 

.1856 

.5190 

.  1000 

2.2784 

.1000 

2.  3080 

.1000 

2.2784 

.1000 

2.  2797 

.1000 

2.2819 

.1000 

2.  2807 

.1000 

2.2812 

.1000 

2.  2813 

.1000 

.2807 

.1000 

.2858 

.1000 

.2856 

.1000 

.2860 

.1000 

\  3883 

.1000 

5. 3987 

.1000 

6.  3830 

.1000 

7. 3996 

.1011 

.2846 

.1011 

.2854 

.1000 

.2832 

.1000 

.2849 

.1000 

.2815 

.1000 

.2803 

.1000 

.2811 

.1000 

.2810 

Gram. 
0.001' 


,0053 


.0064 


.0088 
.0059 


.0021 


.0025 


0009 
0074 


.0052 
.0039 


.0077 


.0023 


0025 


K.2SO4 
error. 


Gra  III . 

0.1819 

.1824 

.1843 

.1845 

•1842 

.1929 

.1928 

1 . 1837 

1.1831 

1.1811 

.1863 

.1871 

.1842 

.1837 

.1846 

.1844 

.0994 


.1006 
.1002 
.1004 
.1004 
.0999 
.0994 
.  0993 
.0995 
4. 1370 
s.  1407 
6. 1351 
7. 1410 
.0988 
.0991 
.1003 
.1009 
.0996 
.0992 
.  0995 


K2O 
error. 


Gram. 
—0.  0037 

—  .0032 

—  .0013 

—  .  0011  I 

—  .0014 
+  .0073  I 
+  .0072  I 

—  . 0019  I 

—  .  0025  ' 

—  .  0045  ! 
+  .0007  ! 
+  .0015 

—  .0014 

—  .0019 

—  .0010 

—  .  0012 

—  .  0006  ! 
+  .0099  ' 

—  .  0006 

—  .  0002 
4-  .0006 
+  .0002 
+  .0004 
+  .0004 

—  . 0001 

—  . 0006 

—  .  0007 

—  .  0005  , 
+  .0370 
-f  .0407 
+  .0351 
+  .0410 

—  .  0023 

—  . 0020 
+  .0003 
+  .0009 

—  .0004 

—  . 0008  i 

—  .0005 

—  .  0006  ' 


Gram. 
—0.  0020 

—  .0017 

—  . 0007 

—  .0006 

—  .0008 
-f  .0039 
+  .0039 

—  .0010 

—  . 0014 

—  .  0024 
+  .0004 
+  .0008 

—  .0008 

—  .0010 

—  ,0005 

—  .0006 

.0003 

+   .0054 

—  . 0003 

—  .0001 
+  .0003 
+  .0001 
-f-  .0002 
+  .0002 

—  . 0001 

—  .  0003 

—  . 0004 

—  .  0003 
+  .0200 
+  .0220 
+  .0190 
+  .0221 

—  . 0012 

—  . 0011 
+  .0002 
+  .0005 

—  .  0002 

—  .0004 

—  .  0003 

—  .0003 


'K2PtClfi  -washed  with  ammonium  chlorid  solution  and  alcohol. 

2  Corrected  with  blanks  on  reagents.  24.5  and  22  cc  BaClj  solution  used  instead  of  ^0  cc  required. 

^Subsequent  washing  of  K23'tCl<;  with  ammonium  acetate  solution  and  alcohol  gave  0.3052  g.nr: 
0.1030  g.  K2S04. 

*  Subsequent  washing  of  KjPtClc  with  ammonium  clilorid  solution  and  alcohol  gave  0. 2778 g.  =0.0975  g. 
K.Soj. 

5  Subsequent  washing  of  KiPtCU  with  ammonium  chlorid  solution  and  alcoliol  gave  0.2765  g. =0.0971  g. 
K,S04. 

^  Subsequent  washing  of  K^PtCls  with  ammonium  chlorid  solution  and  alcohol  gave  0.2792  §.=0.0981  g. 
K,So4. 

'  Subsequent  washing  of  KjPtCle  with  ammonium  chlorid  solution  and  alcohol  gave  0.2746  g.=0.0964  g. 
K2S04. 
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NOTES   BY   THE   ANALYSTS. 

G.  E.  Patrich. — The  manipulations  were  found  somewhat  troublesome,  and  it 
seems  evident  that  this  method,  as  it  relates  to  sulphates,  requires  considerable 
practice  to  insure  success.  Qtiite  a  large  source  of  error  is  evident  in  the  volume 
of  the  barium  sulphate.     It  seems  to  me  that  a  correction  should  be  made  for  this. 

C.  H.  Jones. — My  results  by  the  Stassfurt  method  surprised  me,  particularly  as 
regards  their  uniformity.  The  precipitation  of  the  SO3  was  not  so  troublesome  as  I 
anticipated,  although  I  practiced  for  half  a  day  on  a  commercial  article  before  taking 
up  the  official  samples.  In  the  washing  of  the  K^PtCle  I  was  very  careful  to  wash 
by  decantation,  and  the  precipitate  was  in  no  case  put  on  the  felt  until  the  alcohol 
wash,  after  a  thorough  mixing  with  the  platinum  salt,  was  practically  colorless. 
This  method  of  procedure  took  considerably  more  time  than  that  employed  in  the 
Lindo  Gladding  method,  especiallj^  in  the  case  of  kainit. 

J.  M.  Peter . — In  making  these  determinations  the  instructions  were  closely  fol- 
lowed, and  the  only  departure  from  them  was  in  weighing  the  K^PtCle  on  Gooch 
filters,  washing  out  with  hot  water,  and  drying  and  weighing  the  Gooch  again,  thus 
eliminating  any  error  from  the  presence  of  insoluble  particles  in  the  K^PtClB.  This 
is  the  i^ractice  in  this  laboratory,  but  instead  of  Gooch  crucibles  we  prefer  a  small 
glass  tube  like  a  small  carbon  tube.  Into  these  tubes  we  put  a  plug  of  glass  wool 
and  then  pour  on  the  asbestos  pulp.  The  asbestos  felt  is  less  easily  disturbed  in 
these  tubes  than  in  Gooch  crucibles,  and  they  may  be  washed  thoroughly  with  less 
alcohol. 

A.  W.  Blair. — With  the  sulphate  of  potash  I  found  some  difficulty  in  being  able  to 
tell  just  when  all  the  SO.3  was  precipitated.  I  also  found  my  weights  entirely  too 
high,  and  suspecting  that  the  96  per  cent  alcohol  failed  to  wash  out  something,  I 
used  in  addition  the  Gladding  wash  and  80  per  cent  alcohol.  As  you  will  see  from  my 
report,  that  made  a  difference. 

On  testing  the  filtrate  from  the  Gladding  wash,  I  found  CaS04,  which  confirmed 
my  suspicions. 

I  used  from  5  to  20  cc  PtCl4  solution,  which  will  account  in  part  for  the  large 
amount  of  KjPtCle  in  reagents. 

F.  S.  Shiver. — I  am  inclined  to  the  opinion  that  the  method  gives  high  results. 
The  factors  used  by  the  syndicate,  which  are  practically  our  old  factors,  give 
results  nearer  theory  than  the  new  factors  give. 

F.  B.  Bomherger. — The  instructions  were  closely  followed  in  this  work,  except  that 
the  KcPtClo,  after  weighing,  was  dissolved  from  the  crucible  with  water  and  the 
latter  ignited  and  reweighed. 

The  methods  as  submitted  are  not  nearly  so  rapid  as  the  'Lindo-Gladding  method, 
and  from  my  experience  not  nearly  so  satisfactory. 

COMMENTS   BY   THE    REFEREE. 

The  method  as  applied  to  muriate  of  potash  appears  to  be  quite  accurate,  the  KCl 
found  being  in  some  cases  slightly  more  than  was  taken,  in  other  cases  slightly  less. 
The  higher  results  may  be  explained  as  due  to  impurities  in  the  potassium  platini- 
chlorid,  since,  according  to  this  method,  the  solution  of  the  salt  is  evaporated  directly 
with  platinum  solution  and  no  attempt  is  made  to  purify  the  double  salt.  The  use 
of  the  old  factor  compensates  in  a  measure  for  such  an  error.  The  weight  of  KCl, 
which  would  haVe  been  obtained  by  the  new  factor,  may  be  readily  found  (except  in 
a  few  instances  where  considerably  more  than  0.25  gram  of  the  salt  was  employed) 
by  adding  0.0011  gram  to  the  weights  given  in  the  table. 

The  results  obtained  in  determinations  of  potassium  sulphate  in  commercial  sul- 
phate of  potash,  sulphate  of  potash  and  magnesia,  and  kainit,  as  reported  by  all  the 
analysts  with  the  exception  of  Mr.  Blair,  are,  as  a  rule,  quite  close  to  theory.  Mr. 
Shiver's  results  invariably  shoAv  a  slight  plus  error,  which  would  only  be  exaggerated 
by  the  use  of  the  new  factor,  but  results  by  Messrs.  Peter,  Bomberger,  and  Jones,  in 
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tlie  case  of  all  three  salts,  and  by  Mr.  Patrick  in  the  case  of  sulphate  of  potash  and 
sulphate  of  potash  aud  magnesia,  are  nearer  theory  when  calculated  hy  the-  new 
conversion  factor. 

The  weights  of  potassium  sulphate  found  in  sulphate  of  potasli,  sulphate  of  pot- 
ash and  magnesia,  and  kainit,  as  given  in  the  table,  may  be  readily  converted  into 
the  corresponding  results  by  the  new  factor  by  adding,  respectively,  0.0016,  0.0009, 
and  0.0005  gram  K^SO^. 

We  should  not  draw  hasty  conclusions  from  the  results  reported,  as  most  of  the 
analysts  tried  the  method  for  the  first  time,  and  it  usually  requires  considerable 
experience  with  a  new  method  before  the  details  are  thoroughly  mastered.  This 
point  was  brought  out  clearly  last  year.  Although  the  results  of  eight  American 
chemists  established  the  accuracy  of  the  Lindo-Gladding  method  as  applied  to 
potash  salts,  the  Stassfurt  chemists,  who  were  not  accustomed  to  the  process, 
reported  widely  discrepant  results  by  this  method. 

(2)  The  ''Optional"  Method,  Acidulating  with  Hydrochloric  Acid  before 
Precipitating  the  Sulphuric  Acid. 

The  work  of  the  association  during  the  years  1894  and  1895  showed  that  in  the 
analysis  by  the  " optional'*  method  of  materials  rich  in  sulphates,  serious  losses  of 
potash  were  sustained  through  occlusion.  With  the  view  of  avoiding  this  source  of 
error,  it  was  suggested  that  the  barium  sulphate  be  precipitated  in  an  acid  solution 
as  carried  out  by  the  Stassfurt  chemists.  This  modification  of  the  method  has  been 
investigated  during  the  present  year  hy  Mr.  Jones. 

Portions  of  pure  potash  salts  were  weighed  out  in  quantities  representing  0.5 
gram  of  the  four  Stassfurt  salts  and  corresponding  amounts  of  solutions  of  "impu- 
rities'' were  added.  The  solution  was  acidified  with  1  cc  of  concentrated  HCl  and 
the  barium  sulphate  precipitated,  as  directed  by  the  Stassfurt  method.  The  analysis 
was  completed  as  directed  for  the  ''optional'"  method. 

Mr.  Jones's  results,  which  follow,  indicate  that  the  proposed  modification  has  little 
if  any  advantage  over  the  official  method. 

liesults  hy  modified  method. 


Materials. 


KCl  or  K2SO4  taken 

Total  KjPtCle  found 

KaPtCls  from  reagents  and  impurities. 

KaPtClg  corrected 

KCl  or  K2SO4  found  (new  factors) 

Error  (KCl  or  K2SO4) 


Muriate  of  potash 
(KCl +  "  impuri- 
ties"). 


Sulphate  of  potash 

90  per  cent 
(K2SO4  -f"  impuri- 
ties"'). 


Grams. 

0.4186 

L3729 

.0085  : 

1.3644 

.4187 

+  .0001 

Grams. 

0.4191 
1.  3725 

.0085 
1.  3640 

.4186 
—  .  0005 


Sulphate 

of  potash 
and 

magnesia 
(K2SO4 

+  "impuri- 
ties "). 


Kainit 
(K2SO4  + 
••imi)uri- 

ties"). 


Grams. 

0.  2610 

.7296 


.7216 
.2588 
.0022 


Grains. 
0. 1410 
.3960 
.0053 
.3907 
.1401 

—  .  0009 


(3)  The  Determination  of  Potash  by  the  Lindo-Gladding  Method,  Evapo- 
rating Directly  with  Platinum  Solution,  without  Previous  Removal  of 
Lime. 

According  to  the  original  method,  as  described  by  Gladding  in  1885 '  and  adopted 
the  following  year  by  this  association,  the  determination  of  potash  in  kainit  was 
made  by  direct  evaporation  of  a  solution  of  the  salt  with  platinum  chlorid,  the  for- 
eign salts  which  contaminate  the  potassium  platinichlorid  being  removed  by 
ammonium  chlorid  solution. 


^United  States  Department  of  Agriculture,  Division  of  Chemistry,  Bui.  7,  p.  41. 
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At  the  convention  held  in  1891  it  was  contended  that  the  treatment  with  ammo- 
nium chlorid  solution  was  not  sufficient  to  remove  calcium  sulphate,  and  although 
the  subject  had  not  been  submitted  to  the  members  for  investigation,  it  was  voted^ 
to  adopt  the  present  official  method,  which  depends  on  the  precipitation  of  the  lime 
with  ammonium  oxalate  and  the  removal  of  ammonium  salts  by  evaporation  and 
ignition  before  eA'aporation  with  platinum  solution. 

In  1894  De  Eoode  '^  stated  that  the  direct  evaporation  method  was  the  most  satis- 
factory, and  to  support  this  view  gave  results  by  this  method  and  the  official  Lindo- 
Gladding,  the  "optional,"  and  the  Stassfurt  methods. 

Vogel  and  Hafecke,^  who  apparently  were  not  familiar  with  the  original  Lindo- 
Gladding  method,  refer  to  De  Roode's  article  and  state  that  the  direct  evaporation 
process,  as  applied  to  kainit,  may  be  regarded  as  a  combination  of  the  Lindo-Glad- 
ding  and  the  shorter  Fresenius  methods. 

Last  year  four  chemists  made  determinations  by  direct  evaporation  on  mixtures 
of  pure  potassium  sulphate  and  kainit  "impurities."  The  K^SO^  found,  as  calculated 
by  the  new  factor,  in  no  case  differed  more  than  0.0004  gram  from  that  taken;  or,  in 
other  words,  the  maximum  error  was  equivalent  to  but  0.08  per  cent  K.2O  in  kainit. 
The  errors  by  the  official  Lindo-Gladding  method  were  in  a  number  of  cases  consid- 
erably greater. 

The  following  results  reported  by  Messrs.  Peter  and  Hartwell  were  obtained  on 
K2SO4  c.  p.,  mixed  with  kainit  "impurities,"  and  furnish  further  evidence  that 
removal  of  lime  by  precipitation  is  unnecessary : 

1.  Com;parison  of  methods. 


Materials. 


A.  M.  Peter. 


Direct  evap- 
oration. 


B.  L.  Hartwell. 


Otticial  method. 


Direct  evaporation. 


K2S04  taken 

Total  K^PtClfi  found 

K2PtCl6  from  impurities  and  reagents 

KjPtCle  corrected 

K2SO4  found  (factor  0.3587) 

Error,  K2SO4 


Oram. 
0. 1400 
.3914 


.3914 

.1404 

+. 0004 


Gram. 
0. 1569 
.4439 
.0011 
.4430 
.1589 
-f.0020 


Gram. 
0. 1657 
.4711 
.0008 
.4702 
.1687 
+  .0030 


Gram. 
0. 1553 
.4356 


.4356 

.1562 

+.  OOOi) 


Gram. 
0.1547 
.4296 


.1541 
-. 0006 


Although  the  results  on  artificial  kainit  point  to  the  accuracy  of  the  direct  evap- 
oration process,  it  seemed  desirable  to  make  comparative  determinations  by  this  and 
the  official  method  on  a  variety  of  samples  of  commercial  kainit. 

Mr.  Peter  found  in  a  sample  of  kainit  from  the  Kentucky  market  the  same  per- 
centage of  KoO  (13.35)  by  the  two  methods. 

The  percentage  of  potash  in  10  samples  collected  in  South  Carolina  was  determined 
by  Mr,  Shiver,  with  the  following  results : 

S.  Comparison  of  methods. 


Methods. 

^0. 1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

No.  6. 

No.  7. 

No.  8. 

No.  9. 

No.  10. 

OflBcial  method 

Per  ct. 

12.87 
12.74 

Per  ct. 
12.89 
12.77 

Per  ct. 
12.50 
12.47 

Per  ct. 

12.57 
12.46 

Per  ct. 
12.68 
12.64 

Per  ct. 
12.23 
12.29 

Per  ct. 
10.27 
10.30 

Per  ct. 
12.31 
12.24 

Per  ct. 
12.24 
12.18 

Per  ct. 
12.32 

12.42 

In  the  analysis  of  a  Vermont  sample  Mr.  Jones  found  11.97  and  11.98  per  cent  K2O 
by  the  official  method  and  11.94  and  12.02  per  cent  by  direct  evaporation. 


1  United  States  Department  of  Agriculture,  Division  of  Chemistry,  Bull.  31,  p.  158. 

2  J.  Amer.  Chem.  Soc,  17,  85. 

3  Land.  Versuchs-Stationen,  47,  117. 
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The  results  of  the  jiast  two  years,  hoth  on  the  mixtures  of  pure  K2SO4  with  kainit 
''imi)uritie8''  and  on  commercial  kainit,  demonstrate  that  the  direct  evaporation 
process  is  fully  as  reliable  as  the  official  method.  As  it  is  in  addition  much  shorter, 
and  much  more  easily  carried  out,  there  is  abundaut  reason  for  returning  to  this,  the 
original  method,  ^Yhich,  if  the  two  methods  had  been  thoroughly  investigated  six 
years  ago,  would  probably  never  have  been  abandoned. 

(i)  Quantities  of  Platixum  Solution  Xecessary  for   Determination  in 
German  Potash  Salts. 

The  quantities  of  j)latinum  solution  which  are  directed  for  use  in  the  determina- 
tion of  potash  in  the  Stassfurt  salts  by  the  Lindo-Gladding  method  (10  cc  for  0.5 
gram  of  muriate  of  jjotash  and  15  cc  for  0.5  gram  of  the  other  salts)  are  in  large 
excess  of  what  are  needed  for  converting  both  the  potash  and  the  soda  into  the 
double  salts.  Five  cc  supply  an  excess  of  chloroplatinic  acid  for  kainit  and  sul- 
phate of  potash  and  magnesia,  and6cc  for  muriate  of  x^otash  and  high  grade  sulphate 
of  potash.     If  a  liberal  excess  be  desired,  8  cc  are  sufficient  for  all  of  the  four  salts. 

In  1891  the  referee  ^  found  in  a  sample  of  double  sulphate  of  potash  27  per  cent 
K;0,  using  15  cc  of  platinum  solution,  and  26.98  per  cent,  nsing  8  cc;  and  in  a  sample 
of  kainit  9.98  and  9.90  jier  cent,  respectively. 

Mr.  Jones  in  the  analysis  of  muriate  of  potash  and  sulphate  of  potash  finds  8  cc 
sufficient  in  all  cases. 

Mr.  Peter  writes  as  follows : 

In  regard  to  the  use  of  a  smaller  quantity  of  platinum  chlorid,  I  will  say  that  it 
is  the  practice  of  this  lal)oratory  to  use  only  a  slight  excess  above  the  amount  neces- 
sary to  combine  with  the  potash.  We  use  a  solution  of  platinum  chlorid  containing 
about  20.6  grams  platinum  to  the  liter,  1  cc  of  this  being  equivalent  to  1  per  cent  of 
KcO,  on  a  basis  of  1  gram  substance  taken.  We  add  only  1  or  2  cc  more  of  this  solu- 
tion than  there  are  supposed  to  be  per  cents  of  K;0  in  the  substance.  When  the 
liquid  is  nearly  all  evaporated,  it  is  very  easy  to  tell  whether  enough  platinum  has 
been  added  by  removing  the  beaker  from  the  water  bath  and  allowing  it  to  cool 
slightly.  On  inclining  the  beaker  so  that  the  liquid  runs  away  from  the  precipitate, 
it  is  easily  seen  whether  the  liquid  has  the  peculiar  color  of  platinum  chlorid,  and  if 
it  have  not,  but  is  too  light  colored,  more  platinum  solution  is  added.  Eesults  are 
entirely  satisfactory  and  waste  of  platinum  is  avoided.  Of  course,  this  proceeding 
is  only  applicable  to  the  Lindo-Gladding  method  and  where  the  XH^Cl  wash  is  used. 

It  appears  that  a  saving  of  platinum  solution  can  be  readily  effected  without 
interfering  with  the  accuracy  of  the  method.  This  is  especially  desirable  now  that 
the  price  of  the  metal  is  adAancing. 

Mr.  Winton  said,  in  closing  his  report : 

'"I  am  opposed  to  making  any  recommendations,  but  will  say  I  think  we  ought  to 
return  to  the  direct  evaporation  process  in  the  analysis  of  kainit.  Every  figure 
we  have  obtained  in  the  last  two  years  shows  that  this  is  a  desirable. change,  and 
I  suggest  that  it  be  made.  I  can  hardly  recommend  that  the  Stassfurt  luethod 
be  adopted.  The  results  are,  many  of  them,  very  good  indeed,  and  I  think  the 
method  thoroughly  reliable,  but  the  American  people  are  altogether  too  active  to 
take  up  a  method  of  that  sort.  I  can  see  no  advantage  in  adopting  it,  unless  it 
prove  very  much  more  accurate.  Possibly  it  might  be  well  to  investigate  it  further 
during  the  coming  year.  The  method  is  a  good  one;  the  question  is  whether  the 
association  wishes,  eventually,  to  adopt  it  or  not.  I  will  not  take  the  responsibility 
of  recommending  that  it  be  adopted,  nor  will  I  recommend  that  the  referee  for 
next  year  be  put  through  the  same  course  of  si^routs  that  I  have  been. 

Recommendations. 

'•I  have  made  only  this  one  recommendation,  that  we  return  to  the  original  method 
for  kainit.  I  am  also  tempted  to  recommend  that  we  stop  this  extravagance  in  the 
use  of  platinum  solution.  Possibly  the  association  prefers  to  investigate  that  sub- 
ject another  year.     I  am  fully  satisfied  that  small  quantities  are  sufficient,  and  I 


U.  S.  Dept.  Agr.,  Div.  of  Chem.,  Bull.  31,  149. 
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think  at  most  of  our  stations  smaller  quantities  are  used.  I  am  loth  to  make  any 
recommendations  on  the  results  of  the  year.  I  therefore  suggest  merely  that  the 
subject  be  submitted  for  investigation  the  ensuing  year." 

Mr.  Wiley  conveyed  to  the  association  an  invitation  from  the  Cosmos 
Ohib  to  enjoy  the  privileges  of  the  clnb,  and  on  his  own  behalf  invited 
the  members  to  visit  the  Department  of  Agriculture  and  inspect  the 
chemical  laboratories.  A  resolution  of  thanks  for  both  invitations  was 
adopted. 

The  convention  adjourned  until  2.30  p.  m. 


TUESDAY— AFTERNOOIJ  SESSION. 

The  President.  The  order  of  business  calls  for  the  presentation  of 
papers  on  the  determination  of  potash.  If  none  be  presented,  discus- 
sion on  topics  relating  to  the  determination  of  potash  is  in  order. 

DISCUSSION  ON  POTASH. 

Mr.  LiNDSEY.  Eeferring  to  the  Stassfurt  method,  I  would  like  to  ask 
the  referee  whether  it  is  possible  to  use  that  method  on  all  the  multi- 
tudinous mixed  fertilizers  that  are  analyzed  ? 

Mr.  WiNTON.  This  method  is  only  used  for  the  potash  salts. 

Mr.  YON  Herff.  It  simply  requires  previous  treatment  with  sul- 
phuric acid,  the  same  as  in  the  LindoGladding  method.  I  see  no 
reason  why  it  should  not  be  used  in  all  cases. 

Mr.  WiNTON.  How  would  you  get  rid  of  the  soluble  organic  matter? 

Mr.  YON  Herff.  With  sulphuric  acid,  the  same  as  in  the  Lindo- 
Gladding method.  It  has  not  been  tried,  so  far  as  I  know,  but  if  it 
work  in  one  it  is  reasonable  to  sui^i^ose  it  will  in  the  other  cases. 

Mr.  Huston.  Is  it  supposed  that  it  is  applicable  in  those  cases  where 
the  law  specifies  that  we  must  handle  only  potash  soluble  in  water?  It 
will  require  considerable  roundabout  work  to  use  the  method,  as  I 
understand  it,  if  we  are  to  use  it  in  such  cases,  and  many  of  us  are 
limited  to  potash  actually  soluble  in  water, 

Mr.  YON  Herff.  In  what  way  would  that  interfere! 

Mr.  Huston.  We  have  a  large  amount  of  organic  matter  soluble  in 
water. 

Mr.  YON  Herff.  What  do  you  do  in  the  Lindo-Gladding  method  in 
such  cases?  I  do  not  see  that  it  would  complicate  the  method  at  all, 
except  that  you  know  you  have  a  little  more  organic  matter  and  per- 
haps use  a  droj)  or  two  more  sulphuric  acid. 

I  was  not  fortunate  enough  to  hear  the  report  read,  but  I  believe  the 
general  experience  seems  to  be  that  the  Stassfurt  method  is  somewhat 
difficult.  Against  this  I  may  say  that  the  main  advantage  claimed  by 
the  Stassfurt  chemists  over  the  Lindo  Gladding  method  is  in  simplicity 
of  execution.  Perhaps  with  more  experience  any  difficulties  that  may 
exist  may  be  overcome.     Every  chemist  must  become  familiar  ^ith  a 
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method  before  be  can  use  it  well.  It  must  be  remembered  that  chem- 
ists here  have  loug  beeu  familiar  with  the  Liiido-Gladding  method. 

Mr.  WiJsTOX.  With  regard  to  results  by  American  chemists  using 
the  Stassfurt  method,  thej'  were  quite  good,  but  not  quite  np  to 

Mr.  vox  Heeff  (interiupting).  That  is  a  good  beginning,  I  think. 

Mr.  WiNTON.  Very  good.  But  the  Stassfurt  method  certainly  has 
no  advantage  over  the  Lindo-Gladding  method  so  far  as  our  results  go. 

Mr.  vox  Herff.  If  both  methods  get  good  results,  one  would  be  as 
good  as  another.  It  is  an  advantage,  however,  to  have  one  method 
adopted  universally. 

The  President.  I  think  if  it  conies  to  be  understood  on  the  other 
side  of  the  water  that  chemists  on  this  side  get  as  reliable  results  with 
the  Lindo  Gladding  method  as  they  can  with  the  Stassfurt  method, 
that  difficulty  will  be  obviated.  If  that  comes  to  be  understood  clearly, 
the  point  the  gentleman  has  raised  will  be  dissipated  without  the 
necessity  of  educating  American  fertilizer  control  chemists  in  a  new 
method. 

Mr.  LiNDSEY.  It  seems  to  me  that  a  great  deal  of  very  careful  work 
has  been  done  this  year  in  comparing  these  two  methods.  I  think  the 
point  should  be  taken  into  consideration,  as  Mr.  von  Herff  states  that 
the  Stassfurt  method  is  comparatively  new  to  our  chemists,  and  it  cer- 
tninly  does  require  some  experience  to  get  the  best  results  with  any 
method.  On  the  other  hand,  it  won  Id  seem  to  me  that  so  far  as  they 
have  gone  the  Stassfurt  method  does,  in  their  hands,  give  quite  reliable 
results;  but  it  certainly  is  in  no  sense,  if  I  understand  their  report, 
sui^erior  to  the  Lindo-Gladding  method.  The  Lindo-Gladding  method, 
it  appears,  can  be  worked  more  quickly  than  the  Stassfurt,  and  there- 
fore if  Mr.  von  Herff  is  so  desirous  that  we  should  all  have  one  method, 
I  think  it  is  the  sense  of  this  association  that  we  recommend  our  friends 
across  the  water  to  adopt  the  Lindo-Gladding  method. 

Mr.  vox  Herff.  When  it  comes  to  final  action  this  is  a  matter  of 
importance,  and  I  would  admit  both  methods,  so  that  in  case  difficulties 
arise  they  can  be  settled  on  an  equal  basis.  It  is  admitted  by  the 
association  that  the  method  is  accurate,  and  therefore  there  is  no  rea- 
son to  leave  it  out  of  consideration  entirely.  So  far  as  simplicity  is 
concerned,  it  is  strongly  claimed  by  the  Stassfurt  chemists  that  it  is 
the  quickest  possible.  They  work  it  in  a  vevy  short  time  without 
difficulty. 

Mr.  WixTOX.  I  would  like  to  ask  our  friend  whether,  if  wo  adopt 
the  Stassfurt  method,  the  German  chemists  will  return  the  compliment 
and  adopt  the  Lindo-Gladding  method?  Possibly  we  can  meet  them 
halfway. 

Mr.  vox  llERFF.  I  have  no  authority  to  speak  for  the  Stassfurt 
chemists,  and  I  can  say  nothing  about  that.  They  have  no  association, 
so  far  as  I  know.  There  are  quite  a  number  of  chemists  there  and 
they  all  work  this  method,  but  I  believe  they  would  be  very  much 
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pleased  to  adopt  the  Lindo-Gladdiug  metliod  if  fhere  be  any  simplicity 
in  it.    But  they  say  the  other  is  very  much  quicker. 

Mr.  Hills.  Do  chemists  in  Germany,  as  a  rule,  use  the  Stassfurt 
method? 

Mr.  YON  Herff.  There  has  been  issued  a  printed  circular  describing 
the  method  in  detail,  and  I  think  it  is  used  in  most  of  the  labora- 
tories. 

Mr.  Hills.  For  mixed  fertilizers'? 

Mr.  YON  Herff.  They  have  not  so  many  mixed  fertilizers  in  Ger- 
many, 

Mr.  WiNTON.  In  the  matter  of  the  simplicity  of  the  two  methods  I 
think  the  only  way  we  can  arrive  at  a  true  solution  of  the  problem  is 
by  having  a  competitive  trial  in  some  laboratory.  But  I  think  our 
friends  the  Stassfurt  chemists  are  hardly  acquainted  with  the  Lindo- 
Gladding  method  as  we  use  it.  They  recommend  for  the  Stassfurt 
method  weighed  filter  paper.  Now,  we  gave  that  up  in  this  country, 
and  use  instead  the  Gooch  crucible.  In  their  latest  instructions  they 
say  the  Gooch  crucible  may  be  used,  but  it  is  very  evident  that  they 
are  not  experienced  with  it,  and  I  do  not  think  they  appreciate  what  a 
very  simple  undertaking  it  is  to  purify  KaPtClc  when  collected  in  a 
Gooch  crucible.  I  think  it  must  be  very  much  shorter  than  precipi- 
tating with  sulphuric  acid,  as  they  do. 

Mr.  Jones.  In  regard  to  the  question  of  time  in  the  manipulation  of 
the  two  methods,  I  think,  that  so  far  as  one  sample  is  concerned,  the 
time  consumed  in  the  two  processes  might  be  about  the  same,  but  with 
a  string  of  a  dozen  or  twenty  samples  I  think  the  Lindo-Gladding 
method  would  beat  the  other  2  to  1  easily. 

Mr.  Hills.  I  would  like  to  ask  Mr.  Winton  if  the  German  chemists 
have  tried  the  Lindo-Gladding  method  except  at  the  one  time  he  men- 
tioned in  this  morning's  talk? 

Mr.  Winton.  The  results  are  given  in  full  in  last  year's  report.  I 
can  not  say  whether  any  of  them  have  tried  it  before,  but  I  should  say 
from  the  results  that  they  had  not.  The  whole  trouble  is,  I  think,  that 
they  collected  the  salt  on  the  weighed  paper.  I  do  not  think  the  Lindo- 
Gladding  method  works  so  well  when  you  use  weighed  filter  paper.  I 
do  not  teel,  however,  that  it  has  had  a  fair  trial  on  the  other  side  of  tlie 
water. 

Mr.  yon  Herff.  I  believe  the  question  before  this  association  is 
practically  this:  Should  it  be  allowed  to  use  the  Stassfurt  method  or 
must  the  Lindo-Gladding  method  be  used?  It  has  been  acknowledged 
that  the  Stassfurt  method  is  an  accurate  one  and  has  been  used  by 
the  parties  most  interested  in  potash,  therefore  I  do  not  see  why  it 
should  be  rejected,  nor  why  it  should  be  said  that  such  and  such  a 
method  is  our  official  method  and  no  other  should  be  admitted,  although 
the  other  is  admitted  to  be  accurate. 

The  President.  If  there  be  no  further  discussion,  the  report  is 
referred  to  the  committee  on  recommendations. 
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RECOMMENDATIONS. 

The  committee  on  metliods  of  potash  analyses  made  the  following 
recommendations : 

1.  That  the  same  method  be  used  for  determining  K.O  in  hainit  as  is  now  used 
for  sulphate  and  double  sulphates.     Adopted. 

2.  That  the  referee  investigate  our  present  methods  for  determining  KjO  as  applied 
to  wood  ashes  and  cotton-hull  ashes.     Adopted. 

3.  That  the  alternate  method  for  determining  KoO  is  not  recommended  when  KjO 
is  present  in  the  form  of  sulphate.  Mr.  Van  Slyke  suggested  that  the  word  alter- 
nate be  changed  to  ojjtional.     Adopted. 

4.  That  the  referee  for  1898  investigate  methods  for  determining  chlorin. 

Mr.  Bartlett  (chairman  of  the  committee  on  recommendations). 
We  fonnd  in  talking  the  matter  over  that  the  association  had  no  official 
method  for  determining  chlorin;  that  several  different  methods  were 
used,  and  that  the  subject  was  worthy  of  investigation. 

The  fourth  recommendation  was  adopted. 

The  chair  called  for  the  report  of  the  committee  appointed  last  year 
to  make  a  reply  to  the  Stassfurt  chemists  on  their  strictures  on  the 
Lindo-Gladding  method.  The  report  was  read  by  Mr.  Winton.  It  was 
decided  to  offer  the  report  for  publication  in  the  Yersuchs-Stationen, 
the  organ  of  the  German  experiment  stations.^ ' 

Mr.  ScOYELL.  Will  that  report  be  printed  as  a  part  of  the  proceed- 
ings? 

The  President.  It  is  presented  as  a  part  of  the  proceedings,  and 
will  be  printed  in  some  chemical  journal. 

Mr.  Yan  Slyke.  I  think  we  ought  to  take  some  official  action  indi- 
cating the  approval  of  the  association,  and  I  therefore  move  that  the 
association  approve  the  rei)ort  as  read. 

Seconded  and  adopted. 

Mr.  BiOELOAV.  In  regard  to  the  i)ublication  of  this  matter,  I  think 
it  was  suggested  last  year  that  it  would  be  well  to  have  it  more  widely 
l^nblished  than  in  our  bulletin,  and  I  move  that  the  committee  be 
instructed  to  use  their  own  judgment  as  to  where  it  shall  be  published, 
but  have  it  printed  in  at  least  one  scientific  journal  of  large  circulation. 

Seconded  and  adopted. 

Mr.  ^YiNTON.  I  wish  to  bring  up  a  reconsideration  of  the  motion 
I)assed  this  morning  with  regard  to  potash.  It  was  moved  and  carried, 
I  believe,  that  the  optional  method  for  the  determination  of  potash  be 
not  recommended  when  the  potash  exists  in  the  form  of  sulphate.  I 
move  that  this  be  reconsidered.  It  is  my  purpose  to  refer  the  subject 
again  to  the  committee. 

The  motion  was  seconded  and  carried. 

Mr.  Winton  then  moved  that  the  question  be  again  referred  to  the 
committee,  which  was  adopted,  and  the  matter  declared  to  be  so 
referred. 

Mr.  Bartlett.  The  committee  recommends  that  under  the  head 
of  optional  method  for  determination  of   potash,   the   following   be 

^  The  paper  is  published  in  Chemical  News,  vol.  77. 
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inserted:  The  Liiido-Gladdiiig  method  is  preferable  in  the  presence 
of  soluble  sulphates. 

Mr.  Wheeler.  I  will  say  that  this  is  merely  a  signboard  hung  w]} 
before  this  optional  method  to  show  that  you  can  not  get  good  results 
in  the  presence  of  sulphates. 

The  recommendation  was  adopted. 

Mr.  Patterson,  on  behalf  of  the  committee  on  order  of  business, 
reported  that  after  careful  consideration  it  seemed  best  to  visit  the 
laboratories  of  the  Department  of  Agriculture  on  Wednesday  after- 
noon, immediately  after  the  election  of  officers.  Upon  motion  it  was 
agreed,  after  some  discussion,  that  the  election  of  officers  take  place 
Wednesday  afternoon  at  2  o'clock,  and  that  immediately  thereafter  the 
association  adjourn  to  visit  the  Department  of  Agriculture. 

Mr.  Wheeler.  Before  the  matter  of  phosphoric  acid  is  taken  up  I 
would  like  to  call  the  attention  of  the  association  to  the  movement 
that  is  on  foot  to  secure  uniform  legislation  on  the  subject  of  fertilizer 
laws.  I  would  say  that  a  i^reliminary  meeting  was  called  in  E^ew 
Haven  at  which  representatives  of  a  number  of  States  were  present, 
and  a  committee  was  appointed  to  take  steps  toward  securing,  if  pos- 
sible, uniform  legislation  in  the  different  States.  This  committee  met 
in  May  in  New  York,  held  a  conference  with  a  committee  of  the  East- 
ern Fertilizer  Association,  and  as  a  result  of  that  meeting  recommended 
that  this  association  and  the  Association  of  Agricultural  Colleges  and 
Experiment  Stations  each  appoint  a  committee  to  take  such  further 
steps  as  may  seem  desirable.  The  Association  of  Agricultural  Col- 
leges has  a  committee,  but  this  association  has  not.  It  would  seem 
appropriate  that  this  association  should  join  the  other  in  the  effort  to 
secure  this  end,  and  I  would  therefore  move  that  the  chairman  appoint 
a  committee  of  five  from  this  association  to  act  with  the  committee 
from  the  other  association,  and  that  they  be  authorized  to  take  such, 
further  action  as  may  seem  desirable,  and  report  to  the  association  at  a 
later  meeting. 

Seconded. 

Mr.  Wiley.  In  supporting  this  motion,  I  would  like  to  suggest  that, 
as  we  have  already  appointed  on  that  committee  by  the  Association  of 
Agricultural  Colleges  a  number  of  gentlemen  who  are  also  members 
of  this  association,  the  president,  in  exercising  his  discretion  in  this 
matter,  include  those  gentlemen  on  our  committee,  so  that  in  that  way 
they  may  represent  both  associations.  I  think  at  least  three  of  the 
committee  appointed  at  Minneapolis  are  members  of  this  association. ' 

Mr.  Wheeler.  I  will  say  that  I  bring  this  matter  up  now  so  that 
those  appointed  upon  this  committee  may  know  that  we  look  to  have 
them  remain  for  a  committee  meeting  after  the  close  of  our  association, 
because  a  meeting  of  the  committee  of  agricultural  colleges  has  been 
called  for  Friday  morning,  and  probably  everything  necessary  to  be 
done  now  can  be  done  in  a  very  short  time. 
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The  motion  was  carried.  The  chair  aimouiiced  the  members  of  the 
committee  hiter. 

The  report  on  phosphoric  acid  was  read  by  Dr.  McUounell,  state 
chemist  of  Maryland. 

EEPOB.T  ON  PHOSPHORIC  AGID.  lEON  AND  ALUMINA.  AND  BASIC  SLAG. 
By  H.  B.  McDoxxf:LL,  Refer*'. 

During  the  latter  part  of  January  last  the  referee  sent  out  a  circular  letter  asking 
the  cooperation  of  chemists  in  the  woric  on  phosphoric  acid,  and  also  on  iron  and 
alumina  and  hasic  slag,  as  directed  by  the  association  last  year.  Twenty-three 
chemists  requested  samples,  which  were  sent  out  about  March  1.  A  small  reserve 
of  five  sets  of  samples  was  prepared,  as,  according  to  the  experience  of  last  year, 
this  number  would  have  been  ample.  This  reserve,  however,  was  soon  exhausted, 
and  I  was  unable  to  furnish  samples  to  at  least  three  chemists  who  afterwards 
apjilied. 

Of  the  samples  sent  out  Xo.  1  was  the  same  as  No.  1  of  last  year,  having  been  made 
up  at  that  time  and  kept  as  a  reserve  supply  sealed  in  the  bottles  as  sent  out.  The 
nature  of  the  other  samples  is  sufficiently  indicated  in  the  tables  and  instructions, 
except  No.  8,  which  is  described  on  page  .56. 

The  results  rejjorted  by  the  various  analysts  are  given  in  the  following  tables: 
Table  I  gives  the  average  of  results  reported  on  phosphoric  acid ;  Table  II,  the  de- 
tailed results  as  reported,  except  those  by  the  •'•'  yellow  method.''  which  are  given  in 
Table  III.  Table  IV  gives  the  results  on  iron  and  aluminum,  and  Table  V  the  results 
on  basic  slag. 

With  each  set  of  samjjles  was  st-nt  the  following: 

Directions  for  Work  ox  Phosphoric  Acid. 
Determine  total  phosphoric  acid  in  samples  1  to  6  inclusive,  by — 

A.  The  official  gravimetric  method. 

B.  The  modified  volumetric  method.  This  method,  which  is  recommended  by  the 
referee,  has  given  excellent  results  in  his  laboratory  in  thousands  of  comparisons 
with  the  gravimetric  method  on  -'insolubles."     It  is  as  follows: 

To  an  aliquot  portion  of  the  solution,  prepared  according  to  one  of  the  official 
methods,  X'referably  A-.  is  added  XH4  OH  in  excess,  then  HNO;;  in  excess,  then  tlie 
regular  molybdate  solution  (which  should  be  filtered  if  necessarj' j  in  excess.  Warm 
on  the  water  bath  to  about  50-  C.  for  twenty  or  thirty  minutes,  with  occasional  stir- 
ring; filter,  wash  with  water  at  ordinary  temperature  until  filtrate  fails  to  show 
acidity  when  tested  with  litmus  paper.  Transfer  the  filter  and  contents  to  a  beaker, 
add  20  to  40  cc  of  water  and  standard  alkali  sufficient  to  dissolve,  stirring  well: 
titrate  excess  of  alkali  with  standard  sulphuric  or  nitric  acid,  using  plienolphthalein 
as  indicator. 

Nitric  acid  wash  for  yellow  precipitate  is  not  necessary,  and  nitrate  solutions 
should  be  avoided,  because  molybdic  acid  is  insoluble  therein. 

Overheating  of  the  yellow  precipitate  is  to  be  avoided,  as  it  may  cause  a  granular 
precipitate  of  molybdic  acid  which  is  difficult  to  wash  oat. 

Good  results  are  also  obtained  by  heating  the  solution,  after  the  addition  of  the 
molybdate.  to  50-  C.  and  allowing  it  to  stand  over  night  at  ordinary  tcmperaturt-. 

C.  The  volumetric  method  as  given  in  Bulletin  46  and  Circular  2.  Chemical  Divi- 
sion, United  ."^tates  Department  of  Agriculture. 

D.  Oladding's  -'yellow  mettiod  "  sent  herewith.  Mr.  Gladding  now  recommends 
two  iinal  washings  with  alcohol  in  order  to  facilitate  the  drving,  which  is  done  in  a 
glycerol  bath  at  105-  C.     (.J.  Am.  Chem.  Soc,  Jan.,  "{♦6.  p.  23.) 

METHODS    FOR    THE    DETERMIXATION   OF    '^AVAILABLE "'    rilOSPHORIC    ACID    IN     BASIC 

SLAG. 

(Outline  suggested  by  Mr.  Wiley) : 

(a)  Solubility  in  official  ammonium  citrate  solution. 

(6j   Solubility  in  ^^'agner■s  ammonium  citrate  solution. 

(c)  S<»lubility  in  1  per  cent  ammonium  citrate  solution. 

((?)  Determination  of  the  fineness  of  sample 

{€)  Determination  of  the  per  cent  of  sample  removed  by  magnet. 
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Make  determinations  as  follows  on  samples  Nos.  6  and  7;  the  former  is  American, 
the  latter  European  slag : 

1.  (a)  Determine  "available"  by  the  regular  official  method. 

{b)  Determine  the  "available"  by  the  regular  ofticial  method,  except  to  treat 
the  substance  with  the  citrate  for  one  hour. 

2.  Wagner's  method.— Viye  grams  of  the  slag  meal,  without  further  grinding  or  sift- 
ing, are  put  into  a  half-liter  11  ask  which  is  tilled  to  the  mark  M'ith  diliite  ammonium 
citrate  solution,  the  temperatiire  of  which  is  17^*^  C.  The  flask  is  closed  by  means 
of  a  rubber  stopper  and  immediately  put  into  a  revolving  agitating  aj^paratus  for 
thirty  minutes,  the  revolutions  being  made  at  the  rate  of  30  to  40  per  minute,  and 
filtered  at  once. 

Fifty  cubic  centimeters  of  the  filtrate  are  mixed  with  100  cc  of  molybdaie 
solution  and  heated  on  a  water  bath  at  80°  to  90°  C.  for  from  ten  to  fifteen  minutes; 
the  mixture  is  removed  from  the  bath,  cooled  to  the  temperature  of  the  room  and 
the  process  continued  by  the  usual  gravimetric  method. 

Wagner's  concentrated  ammonium  citrate  solution  contains  in  1  liter  150  grams  of 
crystallized  citric  acid  and  23  grams  of  ammoniacal  nitrogen.  The  latter  is  to  n; 
determined  accurately  by  analysis  by  distilling  otf  the  ammonia  from  a  measurcil 
volume  of  the  solution  (after  making  the  solution  up  with  approximately  the  j)roper 
amount  of  ammonia  to  exactly  eight  or  nine  tenths  of  the  intended  volume).  The 
determination  is  made  as  in  "the  Gunning  method,  omitting  the  digestion.  The 
solution  is  now  made  up  with  ammonia  of  such  strength  that  the  total  nitrogen  jier 
liter  is  23  grams. 

For  use,  two  volumes  of  this  solution  are  diluted  with  three  volumes  of  water. 

3.  Treat  1  gram  slag  meal  in  an  8-ounce  (250  cc)  Erlenmeyer  flask  with  100  cc 
of  1  per  cent  citric  acid  solution  at  apj)roximately  20°  C.  for  one  hour,  shaking 
moderately  every  ten  minutes.  Filter  through  a  dry  filter  and  determine  P2O5  in 
40  or  50  cc  of  the  filtrate  by  the  molybdate  method. 

Try  also  the  etfect  of  treating  the  slag  as  above  (under  3)  for  two  hours  instead  of 
one  hour. 

4.  Determine  fineness  on  10  grams  of  sample  by  using :  (a)  Brass  sieve  with  circular 
holes  i  mm  in  diameter.  (&)  Sieve  of  bolting  cloth  having  4  meshes  to  the  mm.  (c) 
Sieve  of  bolting  cloth  having  10  meshes  to  the  mm,  making  four  separations. 
(Note. — After  these  directions  were  given  it  was  found  that  bolting  cloth  with  10 
meshes  to  the  mm  could  not  be  obtained  and  that  with  5  meshes  to  the  mm  was 
used  instead;  the  latter  is  approximately  one-tenth  mm  between  the  meshes.) 

5.  Determine  the  amount  of  sample  removed  by  a  magnet.  Use  1  gram  for  the 
determination,  spread  in  a  thin  layer  on  glazed  paper. 

METHODS   FOR   THE   DETERMINATION   OF    IRON   AND   ALUMINA   IN   PHOSPHATES. 

Determine  iron  and  alumina  in  samples  1,  4,  5,  6,  and  8  by  the  methods  given  below. 
Sample  No.  8  is  composed  of  pure  chemicals  and  its  composition  is  accurately  known. 

1.  Acetate  method. — Dissolve  2  to  2i  grams  of  the  phosphate  in  30  cc  HOT  and  10  cc 
HNOo  (all  iron  must  be  in  the  ferric  state),  cool,  make  up  to  250  cc,  and  take  50  cc 
for  the  determination.  Add  2  drops  of  1  per  cent  methyl  orange  and  ammonia  until 
alkaline.  Dissolve  the  precijiitate  in  very  slight  excess  of  HCl,  dilute  to  about  300 
cc,  add  25  cc  20  per  cent  ammonium  acetate  solution  for  one  hour  and  filter.  Dis- 
solve the  i^recipitate  in  hot  dilute  HCl,  and  precipitate  as  before  twice  more,  mak- 
ing three  precipitations  in  all.  Wash  precipitates  with  hot  water.  Incinerate  the 
precijjitate  in  a  jilatinum  crucible,  cool,  add  about  2  to  5  grams  NajCO:;,  or  NajCOa  and 
K2CO3,  fuse  gently  from  fifteen  to  twenty  minutes,  dissolve  the  fusion  in  hot  w^ater,  fil- 
ter and  wash.  Acidify  the  filtrate  with  HCl,  boil  off  CO^,  dilute  to  300  cc,  and  pre- 
cipitate with  ammonium  acetate  as  above.  Filter,  wash  the  precipitate  practically 
free  of  chlorids,  ignite  and  weigh  as  AlPO.),  which  multiplied  by  0.418  equals  ALO  j. 

Dissolve  the  Fe^O^  on  the  filter  in  hot  dilute  HCl,  precipitate  with  ammonia,  wash 
free  of  chlorids  and  weigh  as  Fe^Os. 

Before  precipitating  the  iron  and  aluminum  phosphates  as  above,  it  is  probably 
desirable  to  add  a  little  ammonium  or  sodium  phosphate. 

2.  Thiosulphate  method. — Dissolve  2  to  2^  grams  of  the  material  in  30  cc  HCl  in  a 
250  cc  flask,  cool,  make  up  to  mark,  take  50  cc  and  determine  iron  by  permanganate 
(Margerite's  method,  Fresenius  Quant.  Anal.,  p.  267,  edition  1881).  the  HCl  may  be 
practically  all  removed  by  boiling  Avith  the  H7SO4. 

To  50  cc  of  the  original  solution  add  NH4OH  in  slight  excess,  and  then  HCl 
until  faintly  acid.  Now  add  1  cc  of  a  1  j)er  cent  solution  of  KCNS,  warm  to  about 
65°  C,  and  reduce  the  iron  with  ammonium  thiosulphate,  using  a  2  per  cent  solu- 
tion. (Sodium  thiosulphate  may  be  used  instead.)  This  should  be  done  very  slowly 
and  there  should  be  no  odor  of  SO2  until  after  the  color  has  entirely  disappeared ; 
the  solution  must  remain  perfectly  clear.  Dilute  to  about  300  cc,  add  25  cc  50  per 
cent  ammonium  or  sodium  thiosulphate  solution,  bring  to  a  boil  and  continue  to  boil 
for  thirty  minutes,  remove  from  flame,  let  settle  for  five  or  ten  minutes  and  filter, 
washing  out  the  beaker  thoroughly  and  twice  on  the  filter  with  water  at  65°  C. 
Dissolve  the  AlPO  i  on  the  filter  back  into  the  beaker  in  which  the  precipitation  was 
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made,  with  hot  25  per  cent  K(^H  free  from  Al^Oj,  washing-  finally  several  times  with 
hot  water.  Make  faintly  acid  with  HCl  and  precit)itate  with  annnonium  thiosul- 
phate,  boiling  a  half  honr  as  before;  filter  on  a  Gooeh  crucil)le,  wash  with  warm 
water  till  free  of  chlorids,  ignite  and  weigh,     Mnltiply  by  0.418  for  AljO:> 

3.  (r.  Glaser's  method. — Remove  metallic  iron  by  magnet.  Dissolve  2  grams  in  aqna 
regia,  dilute  to  250  cc  and  nse  50  cc  for  analysis.  Add  NH40H  until  barely  acid  to 
methyl  orange;  add  ammonium  acetate  (containing  free  acetic  acid)  until  color  turns 
([uite  yellow;  heat  to  70-^  C,  let  settle  well;  incinerate  precipitate  after  washing 
with  warm  water,  in  a  platinum  crucible  at  a  low  heat;  let  cool,  mix  with  about  2 
grams  KXaCO;.,  and  fuse  for  fifteen  minutes  at  a  gentle  heat.  Dissolve  fusion  in  hot 
water  and  filter  over  ashless  filter.  Filtrate  contains  all  Al.Oii  and  most  P-O5.  Residue 
on  filter  contains  Fe^O:;,  some  PjO;-,  and  possibly  some  CaCO^  Filtrate  is  acidified 
with  HCl,  CO:  boiled  otf  and  A1P04  precipitated  as  before.  After  washing  precipi- 
tate redissolve  in  warm  HCl,  add  some  pure  PjOr,  solution  or  (XH4)2HP64  (but  no 
salt  of  fixed  alkali),  repeat  precixjitation  as  before,  wash  well  with  tepid  water, 
incinerate  and  weigh  as  AlPO^.  Weight  multiplied  by  0.42  ecjuals  Al-O?.  Iron  resi- 
due on  filter  is  dissolved  in  hot  dilute  HCl  and  washed  into  beaker;  precipitate  by 
NH4OH,  add  sufficient  c.  p.  citric  acid  to  obtain  a  clear  alkaline  solution.  Now 
ammonium  sulphide  is  added  in  excess.  Stir  well  for  a  short  time,  let  settle  (usually 
clear  in  ten  minutes)  filter  over  ashless  filter,  wash  well  with  dilate  ammoniuiu  sulphid 
to  remove  last  traces  of  citric  acid,  dissolve  black  precipitate  in  dilute  HCl,  oxidize 
by  HNO:;,  finally  precipitate  with  NH^OH,  wash;  incinerate,  and  weigh  as  Fe.O;. 

Where  methods  employed  differ  from  directions  given  please  give  details. 

It  is  desired  that  all  results  be  reported  by  July  1,  and  in  no  case  later  than  one 
mouth  before  the  next  meeting  of  the  association,  in  order  to  give  the  referee 
ample  time  to  tabulate  the  work. 

H.  B.  McDonnell,  Beferec. 

Table  I. — Average  results  showhuj  content  of  phosphorus  obtained  hy  anal ijsts  of  phos- 
phoric acid  samples. 


Aualj^sts. 


Stillwelland  Gladding.. 

J.  Tliompsoii.  S.  C 

C.  C.McDounell,  S.C..-- 
F.  S.  Shiver,  S.  C 

M.  A.  Scovell,  Ivy 

A.  M.  Peter,  Ky 

H.  E.  Curtis,  Ky 

Ora  K.  Knight,  Me 

C.  B.  ATilliams,  N.  C 

C.  D.  Harris,  N.  C 

E.  G.  Kunyan,  D.  C 

C.H.Jones,  Vt 

B.O.  White,  Vt 

W.L.Mitchell,  Conn.... 
W.  H.  Andrews,  N.  Y  ... 

A.  D.  Cook,  N.  Y 

C.  W.Norris.Pa 

F.  P.  A'eitch,  Md 

W.  Skinner,  Md 


1.  S.  Crock. 


Grav. 


Per  ct. 
28.16 
28.09 
27.99 
27.96 


Difference  between  highest 
and  lowest 

Greatest  ditierenco  from 
average  

Number  averaged 

Average 


28.20 
28.25 
28.08 
27.  37 

27.  C3 
28.21 
28.18 
28.22 
28.13 
27.70 
27.59 
28.31 

28.  01 
28.02 

.94 

.63 

18 
28.00 


Mod. 
vol. 


Per  ct. 
28.20 
28.  20 
28.03 
28.16 
(')■ 
27.85 
28.  72 
27.46 
27.51 


27.75 
28.25 


28.29 
28.25 
27.51 
^29.19 
28.02 
27.92 


1.73 


1.18 
15 


Vol. 


Per  ct. 


28.21 
28.37 
28.05 


27.80 


27.60 


41 


28.01       28.01 


2.  Bone. 


Grav. 


Mod. 
vol. 


Per  ct. 
22.72 
22.71 
22.64 


22.80 
22.81 
23.22 
22.36 
22.39 
22.99 
23.08 
23.12 
22.52 
22.78 
23.07 
22.86 
22.61 
23.04 


.76 

.43 
18 
22.79 


Per  ct. 
22.75 

22.83 
22.67 
22.58 
2  23.62 
22.65 
23.46 
22.70 
22.34 


22.85 
23.  05 


22.64 
22.86 
23.06 
2  24.12 
22.99 
23.02 

1.78 

1.24 
15 
22.83 


Vol. 


Per  ct. 


23.29 
23. 15 
22.78 


22.60 


23.17 


69 


5 
23.00 


3.  Cotton-seed  meal. 
Vol. 


Grav. 


Mod. 
vol. 


Per  ct. 
2.56 
2.64 
2.59 
2.62 


2.62 
2.58 
2.65 
2.57 
2.54 
2.56 
2.65 
2.56 
2.53 
2.57 
2.50 
2.62 
2.52 
2.66 


Per  ct. 
2.59 
2.62 
2.61 
2.58 
2.63 
2.6] 
2.60 
2.70 
2.61 


.16 

.07 
18 
2.59 


2.52 
2.49 


2.55 
2.68 
2.  56 
2.78 
2.67 
2.68 


.29 

.13 
17 
2.62 


Per  ct. 


2.69 
2.53 


2.62 
2.54 


.16 

.06 
4 
2.59 


1  Too  discordant  for  average. 

15663— Ko.  51 4 


2 Omitted  I'lom  av 
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Table  I. — Average  results  showing  content  of  phosphorus,  etc. — Continued. 


Analysts. 


Stillwell  and  Gladding... 

J.  Thompson,  S.  C 

C.  C.  McDonnell,  S.  C 

F.  S.  Shiv-(jr,  S.  C 

M.  A.  Scovell,  Ky 

A.M.Peter,Ky 

H.  E.  Curtis,  Ky 

Ora  K.  Knight,  Me 

C.  B.  Williams,  N.  C 

C.  D.  Harris,  IS"^.  C 

E.  G.  Runyan,  D.  C 

C.H.Jones,  Vt 

B.O.  White,  Vt 

W.  L.  Mitchell,  Conn 

W.  H .  Andrews,  N.  T  . . . . 

A.D,  Cook.N.T 

C.  W.  Norris,  Pa 

F.  P.  Veitch,  Md 

W.  Skinner,  Md 


Difference  between  highest 

and  lowest 

Greatest    difference    from 


average 

Number  averaged. 
Average 


4.  Fla.  phosphate. 


Grav. 


Per  ct. 
30.16 
30.15 
30.17 
30.16 


30.04 
30.10 
30.04 
29.27 
29.31 
30.22 
30.30 
30.40 
30.58 
30.21 
30.36 
30.24 
29.97 
30.13 


1.31 

.48 


18 


10 


Mod. 
vol. 


Per  ct. 
30.10 
30.33 
30.18 
30.25 

'31.62 
30. 15 
30.92 
29.92 
29.14 


30.05 
30.28 


30.39 
30.64 
30.47 
'31.45 
29.92 
30.06 


1.14 
15 
30.19 


Vol. 


Per  ct. 


30.70 
30.60 
30.45 


5 
30.31 


5.  Ala.  phosphate. 


Grav. 


42.23 
42.24 
42.35 


42.15 
43.14 
42.  53 
41.40 
41.23 
42.26 
42.56 
42.64 
42. 91 
42.53 
42.36 
42.84 
42.62 
42.37 

1.91 

.77 
17 
42.37 


Mod. 
vol. 


Per  ct. 
42.00 
42.  37 
42.74 
42.10 
(^) 

42.50 
43.92 
42.30 
41.37 


42.23 
42.54 


42.62 
42.69 
42.41 
144.26 
42.23 
41.97 


1.03 
15 
42.40 


43.15 

43 

43.40 


6.  Pottstown  .slag. 


Grav. 


Per  ct. 
16.70 
16.28 
16.26 
15.91 


Mod. 
vol. 


41.90 


1.81 

.79 
5 
42.61 


16.16 
16.51 
15.97 
15.  C9 
15.67 
16.08 
16.40 
16.40 
16.30 
16.18 
16.29 
16.69 
16.39 
16.63 


Per  ct. 
16.60 
16.27 
10.  34 
16.03 
16.01 
16.75 
16.48 
15.47 
15.70 


1.03 

.45 
18 
16.25 


15.75 
16.48 


16.14 
16.11 
16.08 
'  16.  89 
1G.56 
16.54 


16 
16.23 


Yol. 


Per  ct. 


16.24 
16.05 


16.26 


15.80 


.46 

.17 
4 
16.09 


1  Omitted  from  average.  ^  Too  discordant  for  average. 

Table  II. — Detailed  results  on  phosphoric  acid  as  reported  hy  analysts. 


1.  S.  Crock. 

2.  Bone. 

3.  Cotton -seed  meal. 

Analysts. 

Grav. 

Mod. 
vol. 

Vol. 

Grav. 

Mod. 
vol. 

Vol. 

Crrav. 

Mod. 
vol. 

Vol. 

(') 

Stillwell    and   Glad- 
ding, N.  Y 

Per  ct. 
28.16 
28.09 
27.99 
28.05 
27.96 

Per  ct. 
28.20 
28.20 
28.03 

Per  ct. 

Per  ct. 
22.72 
22.71 
22.64 
22.68 
22.60 

Per  ct. 
22.75 
22.83 
22.67 

Per  ct. 

Per  ct. 
2.56 
2.64 
2.59 
2.59 
2.62 

Per  ct. 
2.59 
2.62 
2.61 


Per  ct. 





John  Thompson,  S.  C . 
C.C.  McDonnell,  S.C. 

F.  S.  Shiver,  S.  C 

M.  A.  Scovell,  Ky 

28.16 
4  28.32 
4  29.  61 

4  28.  40 
4  28. 15 
1  28. 15 
4  28. 10 
4  28.  25 
4  27.  90 
«  28. 10 

22.  58 
23.62 

23.40 
23.  60 
22.85 
22.95 
23.07 
S2L75 

2.58 
2.64 
2.62 



2.70 

2.68 

A, 

A.M.Peter,  Ky 

s  28.  20 

s  27.  85 

?  22.  80 

7  22.  65 

7a2.62 

'a2.61 

1 

1  See  Bulletin  No.  46,  Division  of  Chemistry, 
page  12. 

2  Dissolved  in  H2SO4  and  KNO3. 

3  Volunietrics  stood  over  night. 
^Dissolved  by  Ay. 


*  Dissolved  by  A5 
GHAandHNOs. 
^HN03. 

7a Mg  (N03)2. 
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Table  II. — Detailed  results  on  phosphoric  acid  as  reported  by  analysts — Continued. 


1. 

S.  C.  rock. 

2.  Bone 

3.  Cotton-seed  meal.   1 

1 

Analysts. 

Grav. 

Mod. 
vol. 

Yol. 

Grav. 

Mod. 

vol. 

Yol. 

Grav. 

Mod. 
vol. 

Yol. 

(') 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

A   AT  Peter  Kt 

2  29.20 

328.40 

3  28.  60 

28.05 

2  23.  30 

— 

i 

H.  E.  Curtis.  Ky 

28.25 

28.72 

22.  80 

23.46 

23.15 

2. 58 

2.60       2.53 

}      <^> 

28.25 

22.82 

2.57 

OraK.  Knight,  Me... 

5  28.08 

27.46 

5  23.22 

22.72 

6  2.65 

2.62 

6  28.15 

'  27.  38 

6  23.06 

22.68 

_ 

6  2.56 

2.79 

»28. 18 

8  23.30 

'  22.  68 

8  2.72 

C.B.  Williams,  N.C.. 

27.34 

27.51 

27.75 

22.32 

22.29 

22.73 

2.58 

2.57 

2.55 

27.40 

27.50 

27.85 

22.40 

22.  38 

22.83 

2.55 

2.64 

2.68 

C.  D.  Harris,  X.  C  . . . . 

'>7  67 

2^  29 

2  52 

27.  58 

22.48 

2.56 

E.G.Painyan,D.,C... 

28.21 

27.  75 

27.  60 

22.99 

22.85 

22.60 

2.56 

2.52 

2.54 

Tr.L.MitclieU.Conn. 

28.12 

28.23 

22.43 

22.68 



2.51 

2.53 

28.00 
28.20 

28.36 

22.61 

22.61 

2.56 

2.57 



[      (•>) 

28.  20 

!                j 

1 
1 

C.  H.Jones,  Yt 

"28.18 

1128.30 
13  28.25 
12  28.  20 



10  23.08 

11  23.  00 
13  23.10 

12  23.  05 



10  2.65 

'22.49    

i 

.. 

. 

! 

B.  0.  White.  Tt 

10  28.22 

10  23.12 

"2.56 

1 

W.  H.  Andrew8,N.Y- 

27.60 

28.20 

]  200  cc 
J  H^O 

22.80 

22.85 

2.62 

2.69  i 

27.74 

28.22 

22.  76 

22.86 

2.55 

2.68 

27.75 

28.20 

22.87 

2.55 

2.68 

28.30 

)  300  cc 

28  35 

J    H2O 

' 

i                1 

A.  D.  Cook.  N.  Y 

27.50 

27.41 

23.08 

23.08 

2.50 

2.54 

27.68 

27.60 

23.06 

23.04 

2.50 

2.58 

C.  W.  Xorris,  Pa 

28.33 

29.30 

28.46 

22.  76 

23.83 

23.64 

2.60 

2.75 

2.74 

28.47 

29.28 

28.95 

23.02 

24.41 

.23.40 

2.60 

2.81 

2.79 

28.29 

28.99 

28.85 

22.74 



24.26 

2.69 

2.75 

28.14 

22.  75 
23.02 
22.60 



2.63 

1 

F.  P.  Yeitch,  Md 

28.  01 

27.90 

22.90 

23.17 

2.57 

2.68 

28.01 

27.95 

22.68 

22.  85 

2.46 

2.65 

27.99 

28.10 
i«  28.  00 
»  28. 15 

27.88 

22.68 
22.89 
22.52 
23.  03 

"  23.  07 

1-123.15 

1^23.00 

23.01 

W.  Skinner,  Md 

2.62 

2.68 

28.06 

27.96 

23.  02 

23.  09 

2.70 

2.68 

28.02 

27.91 

23.10 

22.96 



1  See  Bulletin  Xo.  46,  Division   of   Chemistry 
page  12. 
2Keldahl  solution. 
3HAandHX03. 
^  Dissolved  in  H2SO4— A4. 
^0.5  gram. 

6  0.5  gram,  not  neutralized. 
'Xot  neutralized. 
8  0.2  gram,  not  neutralized. 


^ Special niolybdate solution.  J. Am. Chem. Soc., 
Mar.,  1896. 

"  A5.  I  Method  of  solution.  Bull. 

12  A2.  I  46.  page  12. 

"As  stood  overnight,  j 

"Stood   twelve   hour.-;:    MglXOj)..,   method   on 
Xo.  3. 
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Table  II. — Detailed  results  on  phosphoric  acid  as  reported  iy  analysts — Continued. 


4.  Fla.  phosphate. 

5.  Ala.  phosphate. 

6.  Pottstown  slag. 

Analysts. 

Grav. 

Mod. 
vol. 

Vol. 

Grav. 

Mod. 
vol. 

Vol. 

Grav. 

Mod. 
vol. 

Vol. 

(') 

Stillwell  and    Glad- 
ding, N.  T 

Per  ct. 
30.16 
30.15 
30.17 
30.15 
30.16 

Per  ct. 
30.10 
30.33 
30.18 

Per  ct. 

Per  ct. 

Per  ct. 

42.00 
42.37 

27.74 

Per  ct. 

Per  ct. 
16.70 
16.28 
16.26 
16.28 
15.91 

Per  ct. 
16.60 
16.27 
16.34 

Per  ct. 

John  Thompson,  S.  C. 
C.C.  McDonnell,  S.C. 

42.  23 
42.24 
42.35 
42.35 

F.  S.  Shiver,  S.  C 

30.25 
31.68 
31.  55 

31.30 
31.05 
30.10 
30.75 
29.95 
31.05 
^29.45 
6  30.45 
630.  75 

42.10 
45.69 
44.08 

43.90 
42.85 
42.  85 
43.30 
42.85 

16.03 
16.48 
16.74 

16.00 
16.50 
15.95 
15.80 
16.50 

A4 



142. 30 
6  42.90 
643. 10 

115.85 
6  16.25 
616.23 

A.M.Peter,Ky 

5  30.04 

530.15 
7  31.70 

542.14 
542.16 

542.50 
745. 60 
743. 20 
743. 60 
744.  00 
43.92 

516.14 
516.17 

516.45 

U7.00 

H.  E.  Curtis,  Ky 

30.11 
30.09 

30.92 

30.45 

43.54 

43.24 

43.08 

942.  68 

1042.44 

10  42.62 

43.40 

16.66 
16.63 

16. 48 

16.05 

(«) 



9  16.25 

1015.97 

"16.03 

1315.99 

15.76 

15.61 

15.66 

15.67 

16.08 

16.26 

16.36 

16.29 

OraK.  Knight,  Me... 

10  29.99 
10  30.08 

29.21 
29.33 
29.37 
29.24 
30.22 
30.59 
30.55 
30.60 

"29.94 
1330.01 
1329.91 
15  30.30 

1530.40 
30.16 
30.18 
30.28 

29.92 
29.92 

1229.88 
29.08 
29.20 

42.28 
42.32 
1242.03 
41.19 
41.  54 

41.59 

15.40 
15.53 
•215.48 
15. 52 
15.87 

16.31 
16.21 

C.  B.  Williams,  N.C.. 
C  D  Harris  N  C 

29.86 
29.93 

41.31 
41.48 
41.13 
41.33 
42.26 
42.79 
42.60 

E.  G.Eunyan,D.  C... 
W.L.Mitchell,  Conn. 

30.05 
30.29 
30.24 
30.39 
30.59 
30.40 

29.90 

42.23 
42.92 
42.99 
42.93 

42.80 

41.90 

15.75 
16.14 
16,14 

15.80 


(14) 

"42.88 
1342.  64 

C.H.Jones,  Vt 

'6  30.20 
1^30.25 
8  30.40 

1542.51 
8  42.60 

16  42.53 
1^42.50 
8  42.60 

1516.30 
8 16. 44 

1616.45 
1716.45 
8  16.55 

B.O.  White,  Vt 

W.H.  Andrews,  N.T. 

1^42.  64 
1  42.50 
I  42.76 
1  42.  32 

1516.40 
1816.39 
19  16.08 
'916.08 

30.60 
30.  65 
30.70 

I2OOCC 
1     H20 

42.55 
42.72 
42.80 

I2OOCC 

16.10 
10.12 

iSee  Bulletin  No.  46,  Division  of    Chemistry, 
page  12. 
2 Dissolved  iu  H2SO4  and  KlSTOj. 
3  Volumetrics  stood  over  night. 
^Dissolved  by  A7. 
5Dissolvedby  A5. 

6  HA  and  HlSTOj. 

7  Keldahl  solution. 

8  A2.     Method  of  solution,  Bui  1.  46,  page  12. 
9H2SO4. 

10  0.5  gram. 


"0.5  gram,  not  neutralized. 

12  Not  neutralized. 

13  0.2  gram,  not  neutralized. 

i*  Special  molybdate  solution.    J.  Am.  Chem. 
Soc,  Mar.,  1896. 

^^  ^4-  l Method  of  solution,  Bull. 

'^^5-  \  46,  page  12. 

'''As  stood  overnight. J 

18 Precipitated  once  with  molybdate. 

19  Precipitated  twice. 
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Table  II. — Detailed  results  on  phosphoric  acid  as  reported  hy  analysfs — Continued. 


j       4.  Fla.  phosphate. 

5.  Ala.  phosphate. 

6.  Pottstown  slag. 

Analysts. 

!  Grav. 

Mod. 
vol. 

Yol. 

Grav. 

Mod. 
vol. 

Vol. 

Grav. 

Mod. 
vol. 

Vol. 

(1) 

AV.  H.  Andrews,  X.T. 

Per  ct. 

30.28 
30.44 
30.30 
30.20 
30.19 
30.19 
30.30 
30.25 
29.91 
30.03 

Per  ct. 
30.65 
30.60 
30.38 
30.55 

Per  ct. 

}300cc 

Per  ct. 

42.40 
42.32 
43.02 
42.91 
42.64 
42.98 
42.66 

Per  ct. 

42.68 

42.50 
42.32 
44.39 
44.05 
44.34 

Per  ct. 
300  cc 

Per  ct. 

Per  ct. 

Peret. 

A.D.  Cook.X.Y 

16.24 

16.34 

2  16.  81 

2  16.  66 

2 16. 57 

2  16.  65 

2  16.  76 

2 16. 67 

16.43 

16.27 

16.27 

16.52 

16.20 

16.65 

16.62 

16.65 

16.62 

16.08 
16.08 
16.79 
16.98 

16.79 
16.69 
16.50 

C.  W.  Norris,  Pa 

31.45       31.12 
31.  65       31. 16 
31.26  1     31.12 

44.04 
43.81 
44.19 

F.P.Yeitcb,Md 

29.95 
3  30.00 
3  29.  80 



42.65 
42.57 
42.66 

42.10 

42.19 

3  42.  32 

3  42  32 

16.60 

16.65 

23  16.  50 

2s  16.  55 

23  16.49 

! 

1 

W.  Skinner,  Md 

30.09 
30.15 
30.18 

30.00  1 

30.10    

42.28 
42.46 
42.36 

42,00 
41.95 
41.95 

16.60 
16.55 
16.48 

30.02 

'  See  Bulletin  Xo.  46,  Division  of  Chemistry,  ^  Stood  twelve  hours ;    Mg(N03)2,   Metliod  on 

page  12.  No.  3. 

-'Used  diluted  acid  in  dissolving. 

Table  III. — Phosphoric  acid  hij  '^yellow  method.'^ 


Analysts. 

Sample. 

1. 

2. 

3. 

4. 

5. 

6. 

Still  well  and  Gladding 

28.10 
28.20 

22.76 
22.76 

2.56 
2.58 

30.15 
30.15 

42.20 
42.11 

16  60 

16.70 

28.15 
28.28 

22.76 

2.57 

30.15 

42.16 

16.65 

E.G.Ptunyan,  U.S.  Dept.  of  Agr 

23.01 

2.61 

30.27 

42.41 

15.90 

0.  W.  Knight,  Me.  (dried  in  water  oven) 

28.24 
28.20 

23.30 
23.30 

2.44 
2.59 

29.95 

42.44 
42.46 

16.11 
16.00 

28.22 

23.30 

2.52 

29.95 

42.45 

16.06 

C.  W.  Xorris,  Pa.  (Dried  in  ordinary  air  bath  at 
105-112^  C.) 

28.02 
28.42 
27.94 

22.93 
22.97 
23.15 

2.67 
2.74 
2.53 
2.47 

30.13 
30.  51 
30.  95 

29.82 

42.64 
43.27 
42.14 

16.22 

16.69 
17.18 

»    Average   ....                                   ... 

28.13 

23.02 

2.60 

30.35 

42.  68 

16  70 

NOTES    OF   ANALYSTS. 

T.  S.  Gladdiny. — I  find  the  same  results  by  all  three  methods  for  P:0:%.  The  uravi- 
metric  is  least  reliable.  The  volumetric  is  all  ri<:;ht  wheu  solutions  are  accurate. 
My  gravimetric  ''yellow  method"  I  find  most  certain  in  the  hands  of  our  assistants. 
Its  simplicity  and  gravimetric  features  are  its  strong  points. 

A.  J/.  Piter,  Kenliicky. — We  have  had  a  great  deal  of  trouble  in  working  with  the 
volumetric  methods,  and  have  not  succeeded  in  getting  good  results,  especially  on 
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the  sniphnric-acid  solutions.  You  will  notice  Ayhen  you  compare  my  results  witli 
those  of  Mr.  Curtis  that  there  is  also  a  considerable  discrepancy  between  his  figures 
aud  mine  on  samples  Xos.  5  and  6  by  the  gravimetric  method.  It  would  appear 
that  the  results  obtained  from  sulphuric-acid  solutions  by  the  official  gravimetric 
method  are  considerably  too  high  and  that  the  duplicates  do  not  agree  where  there 
•is  much  iron  and  alumina. 

H.  E.  Curlis,  Kentiicly. — Quite  a  number  of  determinations  have  been  made  on 
hydrochloric  and  nitric  acid  solutions  on  these  same  samples,  but  the  methods  varied 
slightly  from  both  yours  and  Mr.  Kilgore's,  and  as  yet  I  have  not  been  able  to  get 
duplicate  results  to  agree.  In  some  sets  they  would  agree  and  the  same  work  would 
be  duplicated,  and  the  duplicates  would  not  agree,  neither  would  they  agree  with  the 
former  results. 

O.  W.  Knif/ht,  Maine. — In  the  Gladding  method  I  used  Gooch  crucibles.  After  four 
hours  drying  in  the  water  oven,  a  constant  weight  was  reached  by  the  precipitate. 
This  method  gives  good  results  and  seems  likely  to  prove  of  value  in  some  cases. 

In  the  volumetric  method  there  is  great  difficulty  in  determining  the  exact  moment 
when  the  color  change  takes  place.  Some  of  the  precipitate  begins  to  dissolve  in 
many  cases  before  it  is  thoroughly  washed. 

C.  B.  Williams,  North  Carolina. — In  the  gravimetric  method  twenty  washings  were 
required  to  rid  the  v/hite  precipitate  of  chlorids. 

In  washing  the  yellow  precipitate  free  from  nitric  acid,  in  determining  phosphoric 
acid  by  your  modification  of  the  volumetric  method,  it  was  found  that  it  required 
from  twelve  to  fifteen  washings,  while  by  Kilgore's  method  six  wt  re  sufficient. 

In  the  manipulation  of  your  modification  the  following  objections  are  encoun- 
tered :  First,  in  consequence  of  the  low  temperature  of  precipitation  the  yellow 
precipitate  obtained  is  in«such  a  finely  divided  condition  that  ittendstorunthrougli 
the  filter  paper;  second,  the  washing  of  the  ammonium  phosphomolybdate  is  so 
slow  that  there  is  great  danger  of  decomposition  of  the  yellow  precipitate  taking 
place ;  third,  the  amount  of  filter  jjaper  is  necessarily  so  large  in  the  titrating  beaker 
that  it  interferes  with  the  detection  of  the  exact  neatral  point  in  titration.  In 
Kilgore's  method  none  of  these  objections  has  to  be  contended  with.  In  all  volu- 
metric determinations  20  cc  solutions,  corresponding  to  0.2  gram  substance,  were 
used.     All  results  are  from  the  same  solution.^ 

C.  H.  Jones,  Vermont. — I  am  of  the  opinion  that  if  a  volumetric  method  is  to  be 
adopted  officially  your  modification  is  more  nearly  correct  than  the  one  printed 
(in  Bui.  46). 

Winton  (Mitchell),  Connecticut. — *  *  *  Used  modified  moiybdic  solution  as  de- 
scribed in  the  Journal  of  the  American  Chemical  Society,  May,  1896. 

^Note  by  referee. — I  am  unable  to  reconcile  all  of  the  statements  above  with  the 
results  reported  by  Mr.  Williams.  The  averages  of  his  results,  which  are  from  closely 
agreeing  duplicates,  are  as  follows : 


Sample. 

Gravi- 
metric. 

Referee's 
volumetric. 

Kilgore's 
volumetric. 

No.  1 

27.37 
22.33 
2.57 
29.27 
41.40 
15.69 

27.51 
22.34 
2.61 
29.14 
41.37 
15.70 

27.80 
22.78 
2.62 
29.90 
41.59 
16.26 

No.  2 

No.  3      

No.  4 

No.  5 

No.  6 

In  every  case  the  referee's  method  gives  results  very  close  to  the  gravimetric, 
while  in  each  case  higher  results  are  obtained  by  Kilgore's  method,  I  do  not  think 
that  the  latter  precipitates  were  sufficiently  washed. 
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"We  do  not  think  that  the  ammonium  nitrate  contained  in  the  ordinary  molyhdic 
solution  is  sufficient  when  no  more  is  added  or  formed  by  neutralization.  As  we 
ignite  fertilizers  containing  organic  matter  with  magnesium  nitrate  and  dissolve  in 
HCl  we  get  no  nitrate  by  neutralization  of  the  solvent.  We  have  our  choice  of  four 
plans  of  procedure  if  we  wish  more  ammonium  nitrate  than  moderate  excess  of 
molxbdic  solution  will  furnish:  (1)  Addition  of  HXO;  and  NH^OH;  (2)  addition 
of  solid  or  dissolved  NH4XO;5;  (3)  addition  of  large  excess  of  molybdic  (the,  old  way) ; 
(4)  use  of  molybdic  solution  containing  the  extra  NH^NOo.  The  latter  plan  seems  to 
me  preferable  from  point  of  convenience.     *     *     * 

The  few  determinations  I  have  made  convince  me  that  the  volumetric  method, 
both  as  Kilgore  left  it  and  in  the  form  you  use  it,  is,  when  carefully  carried  out, 
thoroughly  accurate.     The  following  experiments  may  be  of  interest  to  you: 

Series  I. — Added  HXOj  and  neutralized  with  XH4OH. 


Determination. 


Total  phosphoric  acid  in  acid  phosphate 

Total  phosphoric  acid  in  tankage 

Total  phosphoric  acid  in  dry  ground  fisli 

Total  phosphoric  acid  in  dissolved  hone  black 

Total  phosphoric  acid  in  air-dry  carnation  blossoms. 
Total  phosphoric  acid  in  mixed  fertilizer 


Volu-      !      Gravi- 
metric,        metric. 


Per  cent. 
17.40 
14.83 
7.39 
17.26 
.65 
6.44 


Per  cent. 

17.28 

15.05 

7.28 

17.24 

.63 

6.33 


Series  II.— Added  solid  XH4X0c 


Determination. 


Yolu-  Gravi- 

metric,        metric. 


Total  iihosphoric  acid  in  dry  ground  fish 

Total  phosphoric  acid  in  mixed  fertilizer 

Total  phosphoric  acid  in  mixed  fertilizer 

Total  phosphoric  acid  in  mixed  fertilizer 

Total  phosphoric  acid  in  mixed  fertilizer 

Total  ijhosphoric  acid  in  mixed  fertilizer 

Total  phosphoric  acid  in  mixed  fertilizer 

Soluble  phosphoric  acid  in  mixed  fertilizer 

Soluble  phosphoric  acid  in  dissolved  bone  black 


Per  cent. 

Per  cent. 

6.89 

6.87 

11.03 

10.87 

12.39 

12.22 

12.04 

11.88 

11.08 

10.98 

10.57 

10.43 

2.07 

1.95 

7.04 

6.98 

12.04 

11.89 

Series  III. — Using  molybdic  solution  containing  extra  XH4X'^0;j. 


Determination. 


Volu- 
metric. 


Gravi- 
metric. 


Soluble  phosphoric  acid  in  mixed  fertilizer 

Soluble  phosphoric  acid  in  mixed  fertilizer ! 

Soluble  phosphoric  acid  in  mixed  fertilizer 

Soluble  pliosphoric  acid  in  mixed  fertilizer 

Soluble  phosphoric  acid  in  mixed  fertilizer \ 

Soluble  phosphoric  acid  in  mixed  fertilizer 


cent. 

Per  cent. 

2.60 

2.40 

2.40 

2.32 

4.75 

4.61 

9.03 

8.94 

4.75 

4.65 

6.69 

6.51 

F.  P.  Veitch,  Maryland. — Washings  in  the  volumetric  method  were  from  twelve  to 
twenty-four  times,  amounting  to  from  150  cc  to  250  cc  ou  each  sample,  the  larger 
amount  being  required  by  the  heaviest  precipitates. 
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I  have  found  it  safer  to  nse  1  cc  of  1  per  cent  phenolplitlialein,  as  with  a  smaller 
amount  the  color  fades  too  soon,  giving  slightly  high  results. 

OBSERVATIONS    BY   REFEREE. 

It  is  worthy  of  note  that  outside  of  the  referee's  laboratory  only  three  of  the 
chemists  taking  part  in  this  work  did  so  last  year.  Taking  this  into  account,  and 
also  the  nature  of  the  samples,  I  consider  this  work  very  good  indeed.  There  are 
very  few  wild  results  by  the  gravimetric  method,  and  only  a  few  by  the  modified 
volumetric  method,  and  those  are  confined  to  three  or  four  analysts.  The  average 
resiilts  by  the  latter  give  a  better  showing  than  those  by  the-published  method.  To 
be  sure,  the  variations  are  less  by  the  latter  method,  but  this  loses  weight  when  we 
remember  that  three  times  as  many  chemists  tried  the  new  modification. 

I  wish  to  again  call  the  attention  of  the  association  to  the  optional  method  for 
preparing  ammonium  citrate.  At  the  Chicago  meeting  I  called  attention  to  this 
method.  In  the  first  place,  it  is  supposed  that  on  mixing  two  solutions  which  react 
on  each  other,  causing  a  precipitate,  the  filtrate  will  still  be  neutral,  provided  the 
original  solutions  are  neutral.  Although  this  is  the  rule,  there  are  some  well  known 
exceptions.  Let  us  examine  the  method.  '' Dilute  to  nearly  sp.  gr.  1.09.  Prepare 
calcium  chlorid  solution ;  make  the  latter  neutral.  To  10  cc  citrate  add  50  cc  calcium 
chlorid  solution.  (This  dilutes  the  citrate  to  one-sixth. )  Filter  and  diluie  the  filtrate 
with  an  equal  volume  of  water,"  making  the  acidity  or  alkalinity  one-twelfth  of  the 
original  citrate.  Anything  can  be  made  neutral  to  the  ordinary  tests  by  the  process 
of  dilution  alone,  if  it  be  carried  far  enough. 

In  the  referee's  laboratory  the  best  method  yet  found  for  preparing  citrate  of 
ammonia  is  that  of  De  Roode.  The  citric  acid  is  put  into  a  large  evaporating  dish  or 
enameled  iron  pan  and  covered  with  water;  ammonia  is  added  from  time  to  time, 
regulating  the  amount  so  that  the  hea  tgenerated  will  not  be  extreme,  till  it  is  in 
decided  excess;  the  dish  or  pan  is  then  allowed  to  stand,  uncovered,  for  about  two 
days,  when  the  solution  will  be  found  to  be  neutral.  It  is  then  diluted  to  the  proper 
specific  gravity. 

Recommendations. 

1.  That  the  volumetric  method,  in  its  simplified  form,  be  adopted  as  an  alternate 
method. 

2.  That  the  De  Roode  method  for  the  preparation  of  ammonium  citrate  be  tested 
by  the  referee  the  coming  year  with  the  view  of  adopting  it  instead  of  the  present 
^'optional"  method. 

Determination  of  Iron  and  Alumina.     (Table  IV.) 

Sample  No.  8  was  made  up  by  using  chemically  pure  salts,  and  contained  one  part 
of  ferrous  ammonium  sulphate,  one  part  of  aluminum  sulphate,  and  two  parts  of  tri- 
calcium  phosphate.  It  contained,  as  nearly  as  could  be  determined  from  analysis  of 
the  ingredients,  from  4  to  4.05  per  cent  of  AI2O3  and  from  5.10  to  5.15  per  cent  of 
Fe^jO:;.     Analy.sis  showed  the  following  composition  of  the  ingredients : 

Per  cent. 

FccOs  in  iron  ammonium  sulphate,  by  precipitation  with  ammonia 20. 40 

20. 46 

By  titration  with  permanganate 20.  26 

20.26 
Average,  20.36  per  cent;  tlieory,  20.40  per  cent. 

Per  cent.  Per  cent. 

AI0O3  in  aluminum  sulphate 15.  95  ( Veitch) ;  15.  94  (Bomberger)'. 

15.  66  15.  93 

Average,  15.95  per  cent. 
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Tho  calcium  phosphate  used  gave  0.36  per  cent  of  iron  and  alumina  phosphates  by 
the  acetate  method.  This  resiilt  is  thought  to  be  consiilerably  too  high,  but  the 
determination  was  not  repeated.  The  solution  gave  a  slight  reaction  for  iron  by- 
qualitative  test. 

Table  IV. — Eesults  on  iron  and  alumina. 


1- 

S.  C.  rock. 

4.  Fla.  phosphate. 

5.  Ala.  phosphate. 

Analysts. 

Ace- 
tate. • 

Thio. 

Glaser. 

Ace- 
tate. 

Thio. 

Glaser. 

Ace- 
tate. 

Thio. 

Glaser. 

Perct. 

Per  ct. 
1.14 
0.77 
1.11 



Per  ct. 
1.90 
1.75 
1.84 

Per  ct. 

Per  ct. 
2.23 

Per  ct. 
2.26 

Perct. 

Per  ct. 
29.57 

Per  ct. 
29.63 

2.07 
31.95 

].86 
1.70 

29.63 

F  S  Shiver,  S.  C. 2 

2.35 
32.37 

2.39 
1.94 

29.44 
29.48 

■ 
27.90 

27.12 

E.  G.  Eunyan,  17.  S.  Dept. 

of  A"T 

1.17 
1.50 

BvK 

MnOj. 

43.12 

53.19 

2.51 

3.30 

2.94 

1.15 


3.08 

1.40 
1.75 

ByK 
Mn04. 

n.45 

0.80 
1.47 

27.58 
27.81 

ByK 

Mn04. 

10.85 

24  70 

F  P  Teitch.Md    

C.Glaser 

10.75 
10.80 

F.  S.  Shiver 

■ 

1.43 
1.42 
1.58 

10.46 
11.32 
10.81 

E.  G.  Eunyan 

F.P.  Veitch 

2.87 
3.06 

3.10 

1.50 
1.45 

2.16 

11.60 
11.26 

12.14 

6.  Pottstown  slag. 

8.  A1,(S04)3 ;  Fe  Am  SO4 ;  Ca,(P04)2. 

Analysts. 

Ace- 
tate. 

Thio. 

Glaser. 

Ace- 
tate. 

Thio. 

Glaser. 

Glad, 
potash. 

Stillwell^- Gladding.  N.T. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 
5.07 
5.11 
3.60 
4.09 
4.03 

Per  ct. 

4.10 
3.96 

Per  ct. 
4.05 
4.01 
4.01 



C.  Glaser,  Balto 

12.71 

0.08 
0.16 



3.77 
3.79 
2  3.87 

3.72 
3.47 

F.  S.  Shiver,  S.  C.2 

0.30 
0.18 

.AI2O3. 

• 

E.  G.  liSinyan,  U.  S.  Dept. 
of  Agr 

0.50 
0.75 

0.78 
0.59 

ByK 
Mn04. 

0.27 



3.22 
3.95 

ByK 
MnOj. 

3.28 

F.  P.  A'eitch,  Md 

Stillwell  &  Gladding,  N.T. 

4.92 
4.93  1 

C.  Glaser 

21,42 

20.29 
21.79 

5.69 

5.35 
5.40 

Fa.Os. 

F.S.  Shiver 

22.38 
23.80 
22.00 

5.13 
5.78 
5.17 

E.  G.  Eunvan 

23.10 
22.55 



22.30 

5.60 
5.14 

6.20 

F.P.Teitch  

1  Mostly  SiO.^. 

2Ee3ult.s  by  subtracting  Fe-iOa  from  iron  and  alumina. 

3  Jones— Acetate  method. 

''Precipitated  in  50  cc  in  presence  of  citric  acid  by  Am.  sulpliid. 

5  By  nitroso  /S  naphthol. 
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The  preliminary  work  on  methods  was  done  by  Mr.  V.  P.  Veitch,  who  got  very 
promising  results  in  some  preliminary  work  by  using  sodium  thiosulphate  for  the 
determination  of  alumina.  Mr.  Veitch  got  some  suggestions  from  Blair's  Analysis 
of  Iron  and  Steel  and  one  or  two  other  places,  and  thought  the  reagent  could  be 
used  for  the  present  x>urpose.  In  later  work  the  method  did  not  prove  all  that 
could  be  desired.     Some  of  the  preliminary  woi'k  done  is  as  follows: 

Prepared  three  solutions,  1  liter  of  which  contained  the  substances  and  amounts  of 
same  as  given  below. 

Composition  of  samples. 


No.  1. 

No.  2. 

No.  3. 

16  gms.  Ca3(P04)2- 

14  gms.  Ca3(P04),. 

1.500  gms.  CaCla  (fused). 

0.4  gm.  MgClo. 

0.2  gm.  MgCla. 

4.000  gms.  Na,HP04. 

0.2giii.]SraCl. 

0.2gm.NaCl. 

0.500  gm.  MgCla. 

0.2gm.KCl. 

0.8426  gm.Fe. 

0.250  gm.  Fe  (wire). 

0.2902  gm.Fe.. 

3.0082  gms.  Al2(S04)3.18H.,0. 

2  gms.  Al2{S04)3.18H20: 

7.0050  gins.  Al2(S04)3-18H20. 

Fifty  cubic  centimeters  of  these  solutions  were  used  in  each  case  for  analysis. 
The  acetate  method  was  carried  out  according  to  instructions  given,  except  as  noted. 

Caustic-potasli  method. 
Precipitated  in  a  100  cc  flask  with  excess  of  KOH,  let  stand  one  hour  at  70",  cooled, 
made  up  to  mark,  filtered,  and  used  50  cc  of  filtrate  for  determination.     Aluminum 
was  precipitated  with  ammonium  acetate  as  AlPO),  filtered,  washed,  ignited,  and 
weighed.     Iron  was  determined  by  the  permanganate  method. 

Thiosulphate  method. 
Precipitated  according  to  directions  already  given.     Ignited  and  weighed  the  pre- 
cipitate without  treating  it  with  KOH. 

Comparison  of  results. 


Methods. 

Solution  No.  1. 

Solution  No.  2. 

Solution  No.  3. 

1^6203. 

AI2O3. 

^6203. 

AI2O3. 

Fe^Oj. 

AhOg. 

Gram. 
0. 0207 

.0262 
.0246 

.0207 
.0200 
.0207 
.0210 

Gram. 

0.  0558 

.0560 
.0560 
.0580 

1.  0535 
'.  0563 

2.  0523 
2.  0535 

Gram. 
0.  0602 

.0677 

.0597 
.0594 
.0602 
.0594 
.0602 

Gram. 

0.  0239 

.0240 
.0228 
.0221 

\  0249 

1.  0249 

2.  0236 
2.  0228 

Gram. 
0.  0179 

Gram. 
0.  0159 

Acetate  method : 

Potash  method 

1.  0165 

1.0165 

2.  0151 

2.  0150 

I 


1  Precipitated  in  presence  of  acetic  acid. 

2 No  acetic  acid.     Dissolved  in  KOH  and  reprecipitated. 

NOTES   OF   ANALYSTS. 

T.  S.  Gladding,  Kew  York. — The  Gladding  method,  as  published,  was  employed  with 
one  modification,  as  folloAvs :  An  aliquot,  50  cc,  of  the  solution  (of  4  grams  in  200  cc), 
containing  1  gram,  was  placed  in  a  200  cc  flask,  20  cc  of  50  per  cent  solution  of  c.  p. 
KOH  added,  digested  for  thirty  minutes  in  boiling  water  bath,  cooled,  filled  to 
mark,  mixed,  filtered,  and  100  cc  of  filtrate,  equal  to  one-half  gram,  treated  as 
directed.  The  complete  analysis  requires  only  from  one  and  one-half  to  two  hours 
when  i)ump  is  used. 
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C.  aiaser,  Baltimore. — Have  modified  my  method  as  follows:  (Chem.  Zeit.,  1897,  21, 
No.  69.)  The  solution  of  the  phosphate  is  freed  from  lime  as  much  as  possible 
by  means  of  a  precipitation  by  ammonium  acetate,  or  by  ])recipitation  of  calcium 
sulphate,  according  to  the  method  of  E.  Glascr.  The  solution,  freed  from  lime, 
is  approximately  neutralized.  After  cooling,  dry  sodium  peroxid  is  added,  in 
suiall  portions,  until  a  clear  solution  is  obtained;  from  3  to  6  grams  will  usually 
suffice  on  0.4  gram  of  substance.  Now  boil  for  a  short  time,  let  settle,  and  pour 
through  a  thick  ashless  filter.  In  the  filtrate  determine  alumina,  after  acidulation, 
by  any  convenient  method,  preferably  by  precipitation  twice,  as  AlPO^  (after  the 
addition  of  a  little  pure  phosphoric  acid),  by  means  of  ammonium  acetate. 

The  iron  upon  the  filter  is  dissolved  in  warm,  dilute  HCl,  and  after  purification 
by  first  precipitating  it  with  nitroso-/^-naphthol  or  ammonium  sulph-hydrate,  the 
latter  in  the  i)reseuce  of  citric  or  tartaric  acid  in  ammoniacal  solutiou,  the  precipi- 
tate is  dissolved  in  acid,  oxidized,  precipitated  as  hydroxid,  and  weighed  as  oxid. 

F.  S.  Shiver,  South  Carolina. — Worked  acetate  method  according  to  Bulletin  21, 
page  5,  South  Carolina  Experiment  Station. 

Referee. — The  results  are  too  few  by  any  of  the  methods  to  admit  of  much  com- 
parison or  the  drawing  of  very  definite  conclusions.  There  are  more  results  reported 
on  iron  by  the  permanganate  method  than  by  any  other,  and  with  a  few  exceptions 
they  agree  fairly  well.  This  seems  to  be  the  best  method  for  the  determination  of 
iron  in  phosphates.  The  most  promising  method  for  alumina,  in  my  opinion,  will  be 
found  to  be  that  of  Gladding — the  potash  method. 

I  would  recommend  that  the  work  be  continued  next  year. 

Table  V. — Results  of  anal ij sis  of  basic  slag. 


"Available  "  by  ammonium 
citrate. 

Available  by 
Wagner's 

Solubility  in  1  per  cent  cit- 
ric acid  at  about  20°  C. 

Analysts. 

J  hour. 

1  hour. 

method. 

1  hour. 

2  hours. 

No.  6. 

No.  7. 

No.  6. 

No.  7. 

No.  6. 

No.  7. 

No.  6. 

No.  7. 

No.  6. 

No.  7. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Peret. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

John  Eields,  Okia 

111.05 
111.05 

112.81 
1 12. 89 

6.96 
6.83 

7.47 
7.52 

7.70 
7.07 

8  56 

8.34 

211.74 

214.38 

6.88 

7.52 

7.70 

8.68 

211.74 

2  14.48 

C.  Glaser,  Balto 

36.67 
■16.91 

37.37 
47.75 

.11.11 

113.72 

H.E.Curtis,  Ky 

55.43 
6.70 

G6.62 

7.72 

5  5.98 
6.53 

6  7.32 
8.16 

7.52 
8  7.45 

8.14 
87.55 

7.92 
8  8.  03 

S.  78 

E.  G.  Runyaii,  U.  S.  Dep. 

U1.76 

U4.34 

8  8.74 

Agr. 

1 

Huston  and  Jones,  Ind  . . 

5.34 

6.10 

5.62 

6.89 

12.  04 

24.46 

7.  59 

8.25  ;     8.09 

9.49 

5.39 

6.03 
6.10 
6.12 

5.68 

6.89 

11.97 

14.46 

7.52 

7.52 

8.44 

7.92 

9.49 

C.  W.  Xorris,  Pa 

111.11 
111.15 

1 12.  95 

1 13.  05 

98.34 
9  8.22 

99.31 
99.10 

9  8.73 
9  8.85 

9  67 

9.72 

"8.99 

Veitch,  Md 

6.72 

8.93 

7.05 

9.54 

"11.85 

"13.90 

109.81 

'ni.  64 

•"9.98 

1012.72 

0.61 

9.16 

8.87 

7.09 

9.44 

"11.85 
"11.94 

"14.30 
"14.27 
"14.04 

10  9.62 

"'11.56 

'09.96 

'012.68 
1012.49 

1  Shaken  by  hand  6  times  per  minute.  '  At  29°  C. 

2  Shakeu  by  hand  continuously.  «  A  t  28°  C. 
3Molybdato  method.  "■'  Citrate  method. 
*  Citrate  method  without  rcprecipitation.  io20^  C. 

5 By  ditl'erence,  association  average  for  total.  "  EiMinod  two  hoi 
«By  difference.  Skinner's  total. 


for 


iplffo  precipitation. 
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Table  V. — Eesnlts  of  analysis  of  basic  slag — Continued. 


Analysts. 


Mechanical  analysis. 


TSro.6. 


PI  -= 


^^i 


'.^B 


'J 

33    O 


ifo.7. 


il 


cS  0)  o 


5a 

^_  o 


0^ 


Perct. 


E.  G.  Runyan,  U.  S.  Dep. 

Agr. 
Huston  and  Jones,  Ind  . 


Per  ct. 
0.03 


Per  ct. 
0.10 


Lauojhlin,  Md . 


Per  ct. 
43.14 

1 29.  84 
131.11 
2  25.16 
2  25. 44 
28.80 


Per  ct. 
56.53 


1  69.  92 

2  74.  GO 
1  74.  56 

71.20 


Per  ct 


Per  ct. 
4.25 


'2.86 
13.25 


54.72 


Per  ct. 
3.66 


11.73 
11.66 


4.13 


Per  • 
41. 


2  32. 
2  32. 


Per  ct. 
50.14 


62.74 
63.04 


52.51 


41.08 
41.04 


Analysts. 


E.  G.  P.unyan,  U.  S.  Dep.  Agr 
Huston  and  Jones,  Ind 


Veitch  (chem.)  and  Laughlin  (meclianical  anal.),  Md. 


Eemoved  by  mag- 
net.' 


No.  6. 


Per  cent. 
1.96 
3 13. 13 
4  10. 19 
4  10.  06 
4  11.01 


7  2.17 


No.  7. 


Per  cent. 

0.83 

"4.33 

4  4.96 

44.39 

45.46 

S81.25 

5  81.  34 

n.i3 


Total  P2O5. 


No.  6. 


Per  cent. 
16.08 
16.20 
16  21 


No.  7. 


Per  cent. 
18.  07 
18.21 
18.10 


6  18. 12 


Shaking  sieve. 
'■  Eubbed  through  with 
camel's  hair  brush. 


3  Dipped  into  slag. 

4  100  times  across  at  Ih  mm. 
^  In  contact. 


6  Skinner. 

7  Not  iu  contact 


The  slags  used  iu  these  experiments  were  analyzed  for  me  by  Mr.  H.  C.  Sherman, 
then  of  my  laboratory  staff,  with  the  following  results : 

Analyses  of  slag. 


Constituents. 


Si02  . 
P2O5- 
S  .... 
CO2.. 
EeO.. 
re^Os 
AI2O3 
MnO. 
CaO.. 
MgO. 
HoO.. 


No. 


No.  7. 


Per  cent. 

Per  cent. 

5.95 

8.19 

1 16.  30 

218.12 

.25 

.23 

1.82 

1.29 

13.42 

11.19 

36.20 

5.61 

1.60 

1.86 

4.84 

4.40 

46.22 

43.58 

1.22 

.81 

.62 

.35 

Total 


95.73 


iVeitch. 


2  Skinner. 


'Based  on  Yeitch's  total  iron. 
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NOTES   OF   ANALYSTS. 

H.  A.  Huston. — From  tlie  results  obtained  and  the  observations  made  diirinjjf  tlie 
work  I  am  of  the  opinion  that  the  work  with  the  magnet  is  of  very  little  account. 
If  the  magnet  be  allowed  to  come  directly  in  contact  with  the  slag,  practically  all 
of  the  slag  will  adhere  to  the  magnet.  *  *  *  Odor  of  H2S  was  given  off  in  all 
cases  upon  uncorking  flasks  after  treating  slag  with  citric  acid  or  acid  citrate. 

Eeferee. — It  is  also  the  opinion  of  the  referee  that  the  woik  with  the  magnet  is  of 
no  account.  Also  that  the  mechanical  analysis  is  not  of  much  value,  unless,  i)er- 
haps,  a  system  of  determiniug  available  might  be  based  on  svich  determinations, 
taken  in  connection  with  the  determination  of  total  phosphoric  acid. 

The  results  with  the  official  citrate  of  ammonia  are  somewhat  discordant;  also 
those  with  citric  acid.  The  results  by  the  Wagner  method  arc  very  good  consider- 
ing the  various  methods  used  for  agitat-ing  the  flasks.  If  it  appear  that  basic  slag 
gives  as  good  results  in  the  tield  as  are  obtained  by  acid  phosphates  I  think  the 
Wagner  method  is  probably  the  best  we  have  at  j^resent. 

The  rei'eree  has  no  recommendation  to  make,  however. 

The  president  called  for  papers  relating  to  the  analysis  of  matters 
containing  phosphoric  acid. 


ESTIMATION  OF  lEOl^  AND  ALUMINA  IN  MINEEAL  PHOSPHATES. 
By  G.  W.  Lehmann. 

It  is  understood  that  all  reagents  used  mnst  be  strictly  c.  p.,  and  ashless  filters 
used.  Two  grams  of  substance  are  dissolved  in  sufficient  HCl  and  one  or  two  cc  of 
HXOs.  Evaporate  to  sharp  dryness  on  water  bath.  Take  nj)  with  a  few  drops  of 
HCl,  filter,  and  make  up  to  250  cc.  Remove  50  cc  (equal  to  0.4  gram  substance)  to 
8-ounce  beaker.  If  only  a  few  drops  of  HCl  have  been  used  neutralizing  is  not  nec- 
essary, as  the  few  drops  are  just  enough  to  hold  the  Ca  in  solution;  should  more 
HCl  have  been  needed,  nearly  neutralize  the  50  cc  with  XH^O.  Add,  carefully,  solu- 
tion of  ammonium  acetate  until  precipitate  forms,  then  add  5  cc  in  excess,  stirring 
vigorously,  and  keep  for  twenty  minutes  at  a  temperature  not  exceeding  70-  C.  Fil- 
ter, wash  well  with  tepid  water:  dissolve  residue  on  filter  with  warm  dilute  HCl  into 
8-ounce  beaker,  nearly  neutralize  with  NH4O ;  increase  volume  in  beaker,  if  neces- 
sary, by  adding  water  to  about  75  cc,  and  add  carefully  in  four  or  five  portions  about 
2  grams  sodium  peroxid.  This  quantity  of  sodium  peroxid  will,  in  most  cases,  be 
sufficient  to  render  the  solution  for  a  moment  perfectly  clear  and  of  red-brown 
color.  Place  beaker  on  asbestos  plate  and  boil  at  once  for  two  or  three  minutes, 
when  all  the  Fe-O;;  will  be  precipitated  and  collected  at  the  bottom  of  the  beaker. 
Filter  and  wash  with  hot  water.  To  filtrate,  add  a  few  drops  of  microcosmic  salt 
solution,  add  HCl  until  acid  nearly  neutralizes  with  XH^OH,  add  ammonium  acetate, 
proceed  as  stated  before,  repeat  this  process  a  second  time  with  the  exception  of 
this  time  adding  a  few  drops  of  P;0.3  solution  in  place  of  the  microcosmic  salt; 
filter,  incinerate  as  usual  (A1P04). 

The  red  Fe/):5  x)recipitate  on  filter  is  dissolved  with  warm  dilute  HCl.  Add  to 
filtrate  sufficient  concentrated  citric  acid  solution  to  hold  Fe:0-.  in  solution  (about  5 
cc);  make  strongly  ammoniacal;  add  about  10  cc  strong  ammonium  sulphid  solu- 
tion, stir  vigorously  for  two  minutes,  allow  to  settle,  filter,  and  wash  very  thoroughly 
with  ammonia  water  to  which  a  little  (XH^).^  solution  has  been  added  until  every 
trace  of  citric  acid  is  removed.  Disscdve  the  iron  sulphid  on  filter  with  warm  dilute 
HCl,  add  a  few  drops  of  HXO. ,  boil,  add  XH.OH,  boil  t;)  facilitate  (piick  liltratiou, 
let  settle,  filter,  incinerate  as  usual  (Fe^O:;),     Time,  about  three  hours. 
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DISCUSSION  ON  BASIC  SLAG. 

Mr.  Huston.  I  would  especially  request  the  referee  that,  in  connec- 
tion with  the  complete  aual^- ses  of  these  slags  which  he  quoted,  he  give 
us  the  minutest  details  of  the  method  of  analysis.  I  have  tried  every 
published  method  wbich  I  can  find  for  the  complete  analysis  of  slag', 
and  in  the  hands  of  myself  and  my  assistants  they  are  all  absolutely 
worthless.  They  give  manganese  strung  along  over  the  whole  course 
of  analysis,  and  we  have  not  been  able  to  remove  that  difficulty.  I 
notice  that  no  titanium  is  reported.  One  slag,  at  least,  contains  tita- 
nium, which  interferes  very  seriously  with  the  determination  of  iron  by 
any  volumetric  method.  The  electrolytic  methods  for  the  determina- 
tion of  iron  are  quite  worthless  with  these  materials.  In  fact,  we  only 
disintegrated  our  platinum  electrodes  without  being  able  to  do  any- 
thing with  the  method.  Yet  it  is  only  by  the  electrolytic  method  that 
we  have  been  able  to  get  anything  approaching  a  satisfactory  determi- 
nation in  these  slags.  With  that  we  have,  we  think,  got  something 
which  we  can  get  twice  alike,  at  any  rate.  We  have  not  yet  been  able 
to  overcome  the  trouble  with  manganese.  I  would  not  be  suri3rised  if 
we  found  this  same  difficulty  with  other  phosphates  in  which  iron  is  so 
high  that  it  can  not  all  be  precipitated  as  the  ordinary  phosphate  that 
we  find  in  the  acetate  method.  Here  we  have  much  more  iron  than  we 
are  accustomed  to  meet  with,  and  it  requires  enormous  quantities  to 
add  to  this  solution  to  precipitate  all  the  phosphorus,  if  it  be  desired 
to  get  rid  of  it  that  way.  Even  acid  precipitation  with  calcium  sul- 
X)hate  carries  a  large  quantity  of  manganese  with  it  in  this  work.  So 
I  especially  request  that  we  be  given  the  minutest  details  of  the  analy- 
sis of  this  material.  It  is  of  the  utmost  importance  in  connection  with 
the  analysis  of  slag  that  we  should  know  of  what  this  slag  is  composed. 
I  believe  the  percentage  of  manganese  in  these  slags  is  going  to  i^lay 
an  important  part  in  connection  with  the  available  phosj)horus  in  them. 
We  will  finally,  I  think,  have  to  know  Avith  accuracy  the  composition 
of  these  slags,  and,  so  far  as  I  have  been  able  to  find  methods,  none  of 
them  is  satisfactory. 

In  regard  to  the  matter  of  the  neutralization  of  the  citrate  solution, 
we  have  tried  the  method  spoken  of,  which  is,  as  I  recall  it,  letting 
things  stand  around  for  twenty-four  hours  and  it  is  then  neutral.  The 
first  trial  we  made  of  this  was  highly  satisfactory,  although  I  confess 
we  used  our  calcium  chlorid  method  to  determine  whether  it  was 
neutral,  but  a  number  of  other  trials  was  decidedly  unsatisfactory. 
The  things  were  very  far  from  neutral,  even  with  litmus  paper,  but 
men  who  were  doing  research  work  on  citrate  solutions  in  my  labora- 
tory were  entirely  unwilling  to  work  with  such  solutions. 

Mr.  ScovELL.  We  do  not  claim  that  we  have  any  exact  method  for 
determining  available  phosphoric  acid  in  basic  slag,  but  we  find  we  get 
more  concordant  results  and  a  smaller  percentage  if  we  treat  our  yel- 
low precipitate  at  40°  instead  of  65°.     The  old  method  of  heating  the 
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prer-ipitate  was  at  40^  and  we  changed  it  to  G')^.  but  if  it  be  heated  at 
4:0-  it  will  do  better.  In  fact,  I  am  making  some  experiments,  on  which 
I  am  not  ready  to  report,  in  which  we  precipitate  in  the  cokl  and  we 
tind  still  better  results.  It  will  settle  in  five  or  ten  minutes.  I  find 
this  the  quickest  and  easiest  way  to  do  it. 

3Ir.  HrsTOX.  I  would  like  to  discuss  a  little  more  this  matter  of  work 
with  a  magnet  on  these  slags.  I  sui)pose  the  idea  ol' treating  slag  with 
a  magnet  is  to  remove  the  actual  iron  there,  and  I  presume  the  idea 
was  imported  from  Europe  along  with  the  slag.  The  determination  of 
what  is  actually  removed  from  the  slag  by  the  magnet  shows  that  that 
material  contains  from  8  to  12  per  cent  of  x^hosphoric  acid — the  material 
which  acttually  adheres  to  the  magnet.  In  our  method,  the  slag  is  x)ut 
on  a  glass  plate,  and  the  magnet,  which  is  about  the  size  of  a  lead 
pencil,  is  placed  so  that  it  can  not  come  within  1.5  millimeters  of  the 
slag.  It  is  then  passed  over  it  fifty  times  in  one  direction  and  fifty 
times  crosswise.  The  operation  is  tedious,  but  it  works  after  a  fashion. 
Yet  we  found  that  even  with  these  precautions  from  half  to  two-thirds 
of  the  phosphorus  was  removed  by  this  method,  so  I  think  the  use  of 
the  magnet  is  not  at  all  desirable.  I  think  it  should  be  abandoned 
altogether.  The  actual  amount  of  real  metallic  iron  I  think  is  very 
small. 

In  regard  to  the  fineness  of  the  sample,  especially  where  material 
like  bolting  cloth  is  to  be  used,  I  think  very  explicit  directions  should 
be  given  as  to  how  it  is  to  be  used:  whether  we  are  to  shake  the  mate- 
rial, or  whether  we  are  to  brush  it.  It  makes  a  great  difference  in 
determining  the  fineness,  and  I  believe  we  should  adopt  some  very 
explicit  directions. 

The  matter  of  the  solution  of  slags  in  citric  acid  I  think  is  a  rather 
difficult  one.  As  we  have  already  shown,  in  about  one  and  a  half  to 
two  hours  tlie  amount  of  phosphorus  dissolved  reaches  a  maximum  and 
afterwards  falls  off  rapidly,  while  the  acid  continues  to  be  neutralized. 
If  we  are  working  at  higher  temperatures  the  maximum  amount  of 
phosphorus  dissolved  is  reached  at  a  much  earlier  point.  In  view  of 
the  very  complicated  composition  of  citrates  of  iron,  it  seems  to  me 
there  is  very  little  hoi^e  of  arriving  at  any  concordant  results  or  any- 
thing suitable  for  a  commercial  method  by  treating  slags  with  citric 
acid,  although  it  has  been  very  strongly  recommended.  This  brings  us 
right  back  to  the  position  that  we  shall  finally  be  forced  to  value  slags 
upon  the  fineness  and  total  contents  of  phosi)horic  acid.  In  connec- 
tion with  the  method  just  discussed  for  determining  iron  and  aluminum, 
we  would  have  again  to  look  for  the  titanium.  I  believe  that  the  vol- 
ume of  the  solution  has  a  great  deal  to  do  with  the  amount  of  i)lios- 
l)horus  removed.  We  have  done  a  good  deal  of  work  on  this  subject. 
It  is  not  final,  and  I  am  not  yet  ready  to  report  on  it.  Dr.  AViley  has 
his  little  joke  on  me  for  dissolving  slag  in  water;  but  it  is  not  so  funny 
as  it  seems  to  be,  for  a  considerable  quantity  of  basic  slag  will  dissolve 
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in  water.  I  believe  the  difference  between  tlie  official  citrate  we  use 
and  the  Wagner  method  is  very  largely  due  to  the  relation  between 
the  amounts  of  slag  taken  and  the  volume  of  iiuid  used.  It  is  due 
more  to  that  than  to  the  acidity  of  the  solution.  We  can  very  much 
increase  the  amount  of  phosphorus  removed  from  basic  slag  by  the  use 
of  the  official  solution  if  we  simply  add  the  citrate  solution's  own  vol- 
ume of  water  to  it.  We  are  now  working  upon  that,  trying  to  get 
something  a  little  more  definite  than  we  have  already  arrived  at.  I 
believe  it  is  much  more  a  question  of  volume  than  we  have  heretofore 
supposed. 

Mr.  Wiley.  One  remark  made  by  the  referee  I  would  like  to  call 
attention  to,  and  that  is  that  the  effect  of  the  mechanical  condition  of 
the  slags  is  of  little  importance.  l!5"ow,  it  seems  to  me  that  with  all 
these  materials,  not  only  basic  slags  but  other  mineral  substances  used 
as  fertilizers,  the  mechanical  condition  is  of  the  greatest  importance,  as 
the  amount  of  surface  which  is  exposed  by  the  material  is  of  course 
proportionate  to  the  size  of  the  particles.  The  finer  the  mechanical 
condition,  the  greater  the  surface  exposed.  l^Tow,  the  solubility  of  a 
body  is  to  a  certain  extent  a  function  of  its  surface.  Very  important 
modifications  of  solubility  with  a  given  solvent  are  determined  by  the 
surface  of  exposure.  So  it  seems  to  me  that  that  remark  of  the  referee 
will  bear  criticism.  The  mechanical  condition  of  a  slag  is  one  of  the 
first  things  to  be  determined.  It  is  true  that  slag  particles  when  placed 
in  the  soil  tend  to  rapid  decomposition,  due  chiefly  to  the  slacking  of 
the  lime  they  contain.  It  is  evident,  however,  that  the  finer  the  slag 
is  at  first  the  quicker  will  this  decomposition  take  place.  In  easily 
soluble  substances  the  mechanical  condition  is  of  less  importance.  I 
doubt  not  that  the  function  of  water  as  a  solvent  is  determined  largely 
by  the  surface  of  the  bodies  which  are  exposed.  So  far  as  that  is  con- 
cerned, we  know  that  even  gold  and  platinum  will  dissolve  in  Avater, 
at  least  if  they  contain  a  little  salt.  Gold  has  been  found  in  solution 
in  the  waters  of  the  ocean. 

I  do  not  know  how  we  are  to  be  sure  that  phosphatic  slag  dissolves 
in  water  alone.  If  I  understand  the  composition  of  basic  slag,  it  has  a 
great  deal  of  lime  in  it,  and  when  water  is  added  hydrate  of  lime  is 
produced.  The  simple  addition  of  water  to  powdered  slag  does  not 
prove  that  water  is  a  solvent,  because  what  we  have  there  is  hydrate 
of  lime  in  partial  solution. 

This  matter  of  slag  phosphate  is  one  of  the  most  interesting  now 
before  this  association.  We  ought  to  introduce  those  new  things  which 
promise  so  much  benefit  to  agriculture.  I  think  we  have  reached  a 
degree  of  accuracy  in  the  analysis  of  ordinary  nitrogen,  phosphoric  acid, 
and  i)otash-containing  bodies,  which  is  sufficient  for  all  practical  pur- 
poses, but  here  comes  a  substance  which  presents  some  unusual  pecul- 
iarities. We  have  the  remarkable  fact  presented  that  when  lime  is  in 
this  certain  state  of  combination  it  seems  to  be  peculiarly  assimilable 
by  plants,  and  here  we  are  brought  directly  in  contact  with  the  great 
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poiut  of  union  between  pure  clieniistry  and  physiological  cliemistry  in 
tlie  life  of  the  plant. 

I  am  sorry  Congress  saw  fit  to  lay  a  duty  of  $1  a  ton  on  imported 
pliospbatic  slags.  All  along  our  farming  interests  have  been  favored, 
and  I  think  justly  so,  in  our  legislation.  The  attempt  has  been  made 
to  bring  in,  free  of  duty,  all  those  substances  which  are  used  for  ferti- 
lizing pur^^oses.  I  fear  this  duty  will  delay  the  large  introduction  of 
ihese  phosphates.  We  have  only  one  or  two  mills  in  this  country,  I 
think,  which  are  making  slag  phosphate.  They  are  making  steel  by 
the  basic  i)rocess,  and  of  course  are  producing  large  quantities  of  slag, 
which  will,  in  the  course  of  time,  be  on  the  market.  Our  members  will 
sooner  or  later  be  brought  into  contact  with  these  fertilizing  materials, 
and  it  may  be  that  there  will  be  presented  to  us  problems  different 
from  those  which  Ave  have  been  engaged  upon.  We  should  not  only 
welcome  the  results  that  have  been  obtained  in  these  matters,  but  the 
referee  for  next  year  should  be  instructed  to  continue  the  investigations 
with  regard  to  the  solubility  of  basic  slags  and  to  their  proi)erties  as 
plant  food.  The  experience  of  ten  years  is  not  to  go  for  nothing.  It 
has  been  certainly  proved  that  these  slags  have  a  high  agricultural 
value.  I  would  like  to  see  the  association  push  forward  this  work. 
We  are  not  in  condition  to  adopt  any  method  as  official.  As  the  results 
show,  the  Wagner  method  has  given  the  most  concordant  results  among 
a  number  of  analysts,  and  we  can  not  do  better  than  hold  on  to  it  as  a 
provisional,  not  an  official,  method.  Later  we  may  reach  a  position 
when  we  can  adopt  an  official  method  which  will  be  enjoined  upon  us 
all,  but  this,  I  think,  is  not  possible  at  the  present  time.  This  whole 
matter  seems  to  me  to  bring  up  a  subject  which  we  must  sooner  or  later 
investigate  to  the  bottom — namely,  the  true  availability  of  phosphatic 
manure.  Many  statements  and  claims  have  been  made  in  regard  to 
this  matter.  Soft  ground  phosphate  has  been  put  upon  the  markets  of 
this  country  with  the  claim  that  it  is  the  only  natural  plant  food.  On 
the  other  hand,  it  has  been  claimed  that  the  phosphoric  acid  in  ground 
bone  is  worth  nothing  as  plant  food.  Here  "  e  have  two  extremes  of 
opinion.  I  know  by  actual  experience  that  soft  ground  phosphate  in 
some  soils  is  efficient  in  feeding  plants,  while  in  others  it  is  practically 
worthless,  and  I  have  a  very  firm  conviction  that  the  phosphoric  acid 
of  ground  bone  is  more  or  less  available  for  the  uses  of  plants. 

Mr.  McDonnell.  What  Mr.  Wiley  says  in  regard  to  slag  is  very 
interesting,  but  I  think  what  I  said  was  not  understood.  I  did  not 
mean  that  it  made  no  difference  whether  the  slag  was  fine  or  coarse, 
but  I  meant  that  if  we  determined  the  availability  of  the  slag  by  treat- 
ing with  some  of  these  reagents,  the  finer  the  slag  the  more  would  be 
dissolved  and  the  availability  would  be  shown  by  the  amount  dissolved, 
without  the  necessity  of  making  a  mechanical  analysis.  If  the  slag  be 
very  coarse,  the  soluble  action  will  be  very  much  less,  depending  ui)oa 
the  amount  of  surface  exposure.  So  I  hardly  thought  it  worth  while 
to  have  both  methods  of  determination  used. 
ir)(>63— No.  51 b 
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The  point  Mr.  Huston  mentioned  about  tlie  use  of  the  magnet  we 
had  observed  in  our  laboratory  before  we  received  his  report,  and  it 
will  be  noticed  that  in  two  determinations,  Table  No.  5,  made  in  our 
laboratory,  in  the  first  one  we  removed  by  a  magnet  over  81  per  cent  of 
the  slag  (Ko.  7)  where  the  magnet  was  brought  in  actual  contact  with 
the  substance,  while  when  it  was  held  a  very  short  distance  away  from 
the  substance  only  a  little  over  1  per  cent  was  removed. 

Mr.  Gaines.  Mr.  Wiley  said  in  the  course  of  his  remarks  that  ground 
soft  phosphate  had  been  found  to  act  well  in  certain  soils.  At  the 
Virginia  department  of  agriculture  we  receive  many  samples  of  that 
ground  soft  phosphate,  the  farmers  stating  that  it  is  absolutely  worth- 
less. I  would  like  Mr.  Wiley  to  state  the  peculiarities  of  the  soils  in 
which  soft  phosphate  was  found  to  respond. 

Mr.  Wiley.  I  do  not  know  whether  the  material  could  be  called  soil 
or  not.  It  was  the  peat  or  muck  soils  of  Florida,  extremely  acid  and 
composed  almost  exclusively  of  organic  matter.  In  experimenting  with 
these  soils  in  i^ots  I  found  I  could  detect  very  little  difference  between 
superphosphate  and  soft  ground  phosphate.  They  all  seemed  to  act 
very  happily. 

Mr.  Persons.  In  Florida  we  have  conducted  experiments  that  cor- 
roborate Mr.  Wiley's,  and  the  best  effects  were  always  produced  in  soils 
containing  a  large  amount  of  organic  matter.  In  mixing  fertilizers  it 
was  found  that  where  soft  phosphate  was  used  in  the  i)resence  of  cotton- 
seed meal  the  results  would  seem  to  be  borne  out  there  also.  That  is, 
where  nitrogen  was  used  in  organic  combination,  the  effects  of  the  soft 
phosi:>hate  w^ere  much  more  perceptible.  In  my  mind  that  is  hardly  a 
question  any  more;  it  is  almost  entirely  settled.  If  we  get  good  effects 
from  soft  phosphate  it  is  when  it  is  applied  along  with  one  of  these 
soils  containing  large  amounts  of  organic  matter. 

The  President.  The  fact  referred  to  was  in  the  mind  of  the  Chair 
this  morning,  that  we  might  eventually  be  obliged  to  classify  methods 
of  determinations  for  agricultural  purposes,  with  reference  to  the  classes 
of  soils  upon  which  the  fertilizers  were  to  be  applied. 

Mr.  McDonnell.  In  regard  to  the  factor  for  calculating  results  on 
phosphoric  acid,  I  wish  to  mention  that  in  some  sections  I  think  the 
tables  of  Battle  and  Dancy  are  used,  which  give  different  results  from 
the  tables  published  by  myself.  On  some  samples  in  this  work  this 
would  make  a  difference  of  0.15  to  0.16  i^er  cent  between  the  two  tables. 
So  far  as  I  know,  the  association  has  never  adopted  an  official  factor, 
but  left  it  to  each  investigator. 

Mr.  Wiley.  I  move  that  the  portion  of  the  referee's  report  referring 
to  the  different  methods  for  slags  be  referred  to  the  committee,  and 
especially  with  reference  to  the  adoi^tion  of  a  provisional  or  an  official 
method  for  the  guidance  of  our  members  during  the  coming  year. 

Seconded,  and  so  ordered. 

The  meeting  was  then  adjourned  until  Wednesday  morning. 


WEDNESDAY— MORNING  SESSION. 

The  association  met  at  10  o'clock,  and  the  x)resitlent  appointed  Messrs. 
Penny,  Van  Slyke,  and  Fuliner  a  committee  on  nominations,  to  rei)0it 
at  the  afternoon  session  at  2  o'clock. 

RECOMMENDATIONS  AND  DISCUSSION  OF  METHODS   FOR  PHOS- 
PHORIC ACID. 

The  committee  on  recommendations  presented  the  following  report 
on  methods  of  analysis  for  phosphoric  acid : 

The  coiiiuiittee  recommends — 

(1)  That  the  A^olumetric  method  for  determination  of  P2O5  be  continued  another 
year  as  a  provisional  method,  and  that  the  referee  for  next  year  be  asked  to  con- 
tinue work  on  this  method. 

(2)  That  a  continuation  of  the  study  of  methods  of  analysis  of  Thomas  slag  be 
made. 

(3)  In  regard  to  iron  and  alumina,  that  methods  for  determination  of  these  sub- 
stances in  phosphate  be  further  investigated. 

Mr.  Bartlett.  Referring  to  the  referee's  first  recommendation  in 
regard  to  the  volumetric  method,  the  committee,  after  thoroughly  dis- 
cussing this  method  and  talking  with  other  analysts  who  have  had 
experience  with  it,  has  decided  that  it  can  not  recommend  it  this  year 
to  be  adopted  as  an  official  method,  but  does  recommend  that  it  be  con- 
tinued as  a  provisional  method,  and  that  further  investigation  be  made 
of  it.  This  is  the  volumetric  method,  either  the  Kilgore  or  McDonnell 
modification. 

Discussion  arose  as  to  whether  "i)rovisional"  or  ''optional''  were 
meant  in  this  recommendation.  Mr.  Van  Slyke  read  the  note  inserted 
in  the  ''Methods,"  page  13,  on  this  point. 

The  President.  Would  it  not  clear  up  all  misunderstanding  if  the 
Chair  were  allowed  to  state  the  recommendation  as  follows: 

That  the  committee  recommends  that  the  volumetric  method  remain 
stated,  as  heretofore,  as  a  provisional  method,  and  it  be  recommended 
for  further  study. 

Mr.  Wheeler.  Anumberof  members  of  the  association  have  stated 
that  they  have  tried  this  method  and  abandoned  it,  being  unable  to  get 
good  results.  Other  members  have  obtained  at  times  good  results,  and 
at  other  times  poor  results.  Others  claim  they  have  obtained  uniformly 
good  results.  It  seems  to  me  that  so  long  as  there  are  so  many  who 
obtain  poor  results  at  times  or  have  had  to  give  it  up,  it  would  be 
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unwise  for  this  jissociation  to  adopt  it  until  it  has  been  further  studied 
and  shown  to  be  reliable  in  the  hands  of  the  average  analyst. 

Mr.  ScovELL.  I  think  none  of  us  wants  to  adopt  a  method  that  would 
not  give  uniformly  good  results  on  all  phosphates.  I  would  hate  to  go 
into  court  and  say  I  had  analyzed  a  fertilizer  by  a  method  I  was  not 
certain  of  for  high  percentages.  Both  Mr.  Peter  and  Mr.  Curtis  were 
much  in  favor  of  this  method,  and  they  put  in  a  month's  solid  work. 
But  they  failed  with  it.  They  could  not  trust  it  in  high  percentages, 
although  it  worked  very  well  on  low  percentages.  They  tried  it  very 
carefully,  but  it  did  not  always  bring  good  results.  I  believe  the  cause 
is  this,  that  the  precipitate  is  not  uniformly  of  the  same  composition, 
and  I  think  we  will  have  to  study  out  some  method  by  which  the  yellow 
precipitate  will  be  of  uniform  composition.  Until  that  is  done  I  do  not 
think  we  can  use  the  volumetric  method  and  get  theoretical  results  every 
time.  It  would  be  unwise  for  this  association  to  adopt  it  as  an  official 
method,  although  it  may  be  adopted  as  a  provisional  method,  and  it  is 
very  worthy  of  further  investigation. 

Mr.  KiLGORE.  The  method  is  certainly  much  more  rapid  than  the 
old  gravimetric  one,  but  I  fully  agree  with  Mr.  Scovell  in  his  remarks 
as  to  its  adoptioi).  In  the  case  of  this  and  every  other  method  I  should 
very  much  prefer  to  see  that  it  is  thoroughly  all  right  before  we  put  it 
in  the  ''methods." 

The  recommendation  was  thereupon  adopted. 

Mr.  Bartlett.  The  committee  recommends  that  the  study  of  methods 
of  analysis  for  Thomas  slag  be  continued. 

Mr.  Huston.  I  would  like  to  inquire  whether  this  recommendation 
is  for  i)hosphates  alone,  or  for  complete  analysis,  which  is  a  very  dif- 
ferent thing.  I  do  not  know  what  the  committee  had  in  mind,  but  I 
hope  it  was  complete  analysis  rather  than  simply  examination  for  total 
phosphoric  acid. 

The  President.  The  Chair  would  rule  that  it  is  not  intended  in  this 
case  to  confine  the  referee  or  the  association  to  this  x>articular  line  of 
work  (phosphoric  acid). 

The  recommendation  was  thereupon  adopted. 

iMr,  Wiley.  While  I  am  fiir  from  believing  in  the  so  called  Wagner 
method  as  the  only  and  sole  method  for  analysis,  it  is  evident  that  we 
can  get  comparative  results  by  it.  Would  it  not  be  well  for  the  asso- 
ciation to  recommend  it  as  a  provisional  method  while  this  study  is 
going  on,  in  case  it  is  called  upon  to  examine  these  slags  officially,  as 
it  may  be  before  another  year"?  If  these  slags  come  on  the  market 
before  another  meeting,  any  or  all  of  our  members  may  be  brought  into 
contact  with  them  officially,  and  in  that  case  a  provisional  method 
recommended  by  this  association  would  be  the  only  thing  they  could 
rely  upon. 

The  President.  The  committee  will  take  that  matter  into  considera- 
tion and  report  upon  it. 


Mr.  Huston.  I  would  like  to  say  a  word  on  this  subject.  I  suppose 
we  are  after  the  available  phosphoric  acid  in  this  slag.  First,  have  we 
auy  evidence  whatever  in  any  slag  upon  which  any  of  the  members  of 
this  association  have  worked  that  tliere  is  more  than  one  compound  of 
phosphoric  acid  present?  •  Is  there  more  than  one  kind  of  phosphoric 
acid  in  if?  Is  that  phosphoric  acid  combined  with  4  molecules  of  lime, 
or  is  there  some  other  form  than  what  I  suppose  we  will  have  to  call  the 
ortho-phosphoric  acid  at  present'^  It  seems  to  me  that  all  the  methods 
which  we  have  or  have  considered  simply  take  out  a  part  of  the  i^hos- 
phoric  acid.  They  do  not  distinguish  between  phosphoric  acid  com- 
bined with  4  molecules  of  lime  and  any  other  form.  This  is  particularly 
true  of  our  present  official  method  with  neutral  citrate.  If  our  official 
citrate  solution  be  merely  diluted  and  100  cc  put  in  100  cc  of  water, 
and  2  grams  treated  with  it,  very  much  more  phosphoric  acid  will  be 
dissolved  from  this  slag.  If  half  a  gram  be  used,  a  still  larger  per  cent 
will  be  dissolved.  In  fact,  this  is  true  for  any  phosphate  outside  of  any 
material  like  hai  d  rock.  I  think  it  is  very  largely  a  question  of  vol- 
ume, and,  to  some  extent,  of  the  quantity  of  reagent  used.  In  exam- 
ining some  slags,  two  of  which  were  the  association's  samples,  to  see 
if  it  were  possible  to  work  out  any  scheme  by  which  we  could  tell  how 
much  of  this  tetrabasic  phosphate  is  present,  I  have  run  down  some 
slags,  and  if  my  theory  in  the  matter  be  right  all  the  phosphorus  in 
them  is  present  as  the  tetrabasicj  compound.  If  this  be  so,  I  do  not  see 
why  the  part  which  the  citrate  happened  to  miss  is  not  just  as  good  as 
the  part  which  the  citrate  did  dissolve,  the  trouble  there  being  simply 
that  we  did  not  use  enough  volume  or  did  not  use  fluid  enough  to  keep 
the  resultant  product  in  solution. 

So  I  believe  we  ought  to  exercise  a  little  care  about  adopting  the 
method.  I  realize,  of  course,  that  the  Wagner  method  may  give  higher 
results  than  the  official  method,  but,  notwithstanding  the  fact  that  they 
are  said  to  approximate  agricultural  results,  I  think  we  ought  to  be  a 
little  slow  about  adopting  a  method  for  the  examination  of  these  slags. 
I  think  it  would  be  far  safer  at  present,  with  the  limited  amount  of  slag 
that  there  will  be  on  our  market  and  the  very  uncertain  character  of  it 
as  it  may  come  from  some  of  the  works,  either  to  adopt  the  total  phos- 
iflioric  acid  as  the  standard,  or  at  least  put  it  beside  the  other.  i«3^either, 
as  I  understand  it,  is  to  be  the  official  method. 

Mr.  LiNDSEY.  I  want  to  call  attention  to  the  fact  that  Wagner  has 
made  a  great  many  experiments  regarding  the  availability  of  slag  on 
various  kinds  of  agricultural  plants,  and  he  has  shown  that  it  has  a 
certain  degree  of  availability.  Although  I  have  not  given  his  method 
critical  study,  yet  my  impression  is  that  it  corresponds  very  well  with 
actual  results  which  he  got  from  plant  experiments.  If  we  are  going 
to  approve  a  method  for  determining  the  availability  of  phosphoric  acid 
in  material  of  that  kind,  I  believ^e  Wagner's  method  is  better  a(lai)te<i 
than  anything  else  that  has  been  i)r()vided,  and  it  seems  to  me  wise  that 
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we  should  adopt  tliat  Tuethod  provisionally  until  something  better  is 
offered. 

Mr.  Wheelee.  The  irnportant  point  to  consider  is  that  we  are  liable 
to  have  European  slag  placed  upon  our  market  before  the  close  of  this 
year.  There  is  much  surplus  slag  in  Europe,  and  they  are  anxious  to 
briug  it  over  here.  If  it  be  analyzed  by  our  citrate  method,  which  we 
have  to  use  under  present  circumstances,  it  seems  to  me  the  farmers  of 
this  country  will  be  led  to  think  that  it  is  less  valuable  for  agricultural 
I)urposes  than  it  really  is.  The  Wagner  method  shows  a  higher  per- 
centage of  available  phosphoric  acid  and  comes  nearer  to  agreeing 
with  actual  experiments  on  plants,  and  there  is  no  reason  why  we 
should  throw  a  wet  blanket  on  this  most  excellent  material.  For  that 
reason  it  would  seem  to  me  much  better  for  the  association  to  use  this 
method. 

The  President.  If  there  be  no  further  remarks,  tbe  matter  will  be 
considered  as  referred  to  the  committee  on  recommendations. 

Mr.  McDonnell.  Before  we  leave  this  question  I  think  the  methods 
for  determining  iron  and  aluminum  ought  also  to  be  referred  to  the 
referee  on  phosphoric  acid  for  next  year.     1  make  a  motion  to  that  effect. 

Mr.  Kilgore  moved  that  it  be  referred  to  the  committee  on  recom- 
mendations.    Adopted. 

Mr.  Bartlett  stated  that  the  committee  on  recommendations  was 
anxious  to  finish  its  work,  and  if  in  order,  would  complete  its  recom- 
mendations on  phosphoric  acid  with  regard  to  basic  slag. 

Mr.  Lindsey's  motion  that  the  report  be  heard  was  carried. 

Mr.  Bartlett.  This  recommendation  refers  to  the  determination 
of  phosphoric  acid  in  basic  slag.  The  committee  recommends  that  a 
descrij)tion  of  the  Wagner  method  be  inserted  in  the  "Methods"  as  a 
provisional  method  for  determining  phosphoric  acid  in  basic  slag. 
Adopted. 

Mr.  Huston.  I  wish  to  urge  members  to  work  a  little  more  on  slags. 
The  method  calls  for  a  certain  fixed  temperature,  I  believe  15°  or  17°. 
I  have  learned  from  some  workers  who  come  here  that  they  find  this 
temperature  of  the  Wagner  method  either  impossible  or  very  inconven- 
ient, and  that  they  have  departed  from  it.  This  fact  may  have  pre- 
vented others  from  working  on  it,  and  I  wanted  to  say  that  in  basic 
slag  the  question  of  temperature  is  practically  nothing.  If  you  will 
recall  what  I  told  you  last  year,  you  will  see  that  basic  slag  differs  rad- 
ically from  nearly  every  other  known  phosphate  in  that  it  makes  very 
little  difference  what  temperature  you  use,  from  4°  to  80°,  so  if  any  of 
you  have  been  prevented  from  taking  up  the  work  by  the  requirements 
of  temperature,  I  will  say  that  the  question  of  temperature  has  practi- 
cally no  bearing  on  the  value  of  the  work  which  you  may  do. 

The  report  of  the  committee  on  recommendations  was  then  called  for. 

Mr.  Bartlett.  The  third  recommendation  of  the  committee  is: 

In  regard  to  the  determiuatiou  of  iron  and  aluminum  tlie  committee  recommends 
that  methods  for  the  determination  of  these  substances  in  basic  slag  be  further 
investigated. 
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Mr.  SCOYELL.  I  think  it  was  the  intention  that  the  recomraendatiou 
cover  iron  and  aluminum  in  phosphates.  I  move  that  the  rei)ort  of  the 
committee  be  so  amended. 

The  amendment  was  adopted. 

The  President.  The  question  is  now  upon  the  motion  as  amended, 
that  the  study  of  iron  and  aluminum  in  basic  slags  and  phosphates  in 
general  be  continued. 

The  recommendation  was  adopted. 

Mr.  Huston.  AVhat  action  was  taken  in  regard  to  the  Wagner  method 
for  slags  ?  My  recollection  is  that  it  was  decided  to  publish  the  method, 
in  order  that  all  might  have  an  opportunity  to  try  it  if  they  wished. 
The  most  consi^icuous  reason  given  for  publishing  the  Wagner  method 
is  that  it  gives  higher  available  than  our  official  method.  Xow,  that 
is  not  a  good  reason.  I  do  not  think  it  is  the  main  reason.  The  main 
reason  is  that  it  has  been  extensively  used  in  Europe,  and  it  is  said 
that  it  approximately  follows  the  results  derived  from  plant  or  pot 
experiments  in  the  use  of  this  material.  It  is  a  matter  of  great  impor- 
tance where  we  publish  that  method.  I  think  we  ought  to  be  very 
careful  not  to  put  it  in  the  official  methods  of  the  bulletin,  but  in  the 
volume  of  the  proceedings.  If  you  get  it  inside  the  covers  of  the 
"Methods,"  labeled  an  official  method,  you  will  never  get  it  out,  and 
you  will  have  no  end  of  trouble  with  peoi^le  who  have  slag  to  sell.  It 
is  much  easier  not  to  put  it  in  than  it  is  to  get  it  out.  I  wish  to  guard 
the  matter  carefully.  If  there  be  any  intention  to  put  it  among  our 
official  methods,  we  had  better  put  it  where  it  will  be  easily  accessible, 
but  do  not  let  it  be  supposed  that  we  have  given  it  our  official  sanction. 

It  was  moved  and  seconded  that  the  action  taken  with  reference  to 
the  Wagner  method  be  reconsidered.  Carried,  and  the  matter  referred 
to  the  committee  on  recommendations. 

Mr,  Persons  asked  for  a  definition  of  ''optional"  and  "provisional," 
as  applied  to  methods. 

The  President.  The  word  provisional,  as  contrasted  with  optional, 
has  this  meaning:  That  the  association  is  not  prepared  to  recommend 
officially  a  method  as  oflBcial,  but  that  in  the  absence  of  any  method 
with  which  it  is  satisfied  it  suggests  this  as  one  which  may  be  used  for 
the  puri)ose.  A  member  uses  it  on  his  own  responsibility.  It  is  not 
regarded  as  an  official  method. 

Mr.  Bartlett.  The  committee  recommends  that  a  description  of 
the  Wagner  method  for  tlie  determination  of  phosphoric  acid  in  basic 
slag  be  inserted  in  the  proceedings  of  the  association,  and  that  a  note 
be  inserted  in  the  "Methods  of  Analysis,"  under  the  head  of  "  Phos- 
phoric acid,"  to  the  effect  that  the  Wagner  method  nmy  be  found  on 
page  72  of  the  said  proceedings. 

Mr.  Huston.  I  think  it  would  be  well  to  make  it  "the  Wagner 
method  for  determining  the  citrate  soluble,"  and  I  move  to  amend  to 
that  effect. 

The  amendment  was  seconded. 
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Mr.  LiNDSEY.  That  is,  merely  publish  it  in  the  proceediDgs  as 
Wagner's  citrate  soluble  method  j  not  as  an  official  or  provisional 
method.  Do  I  therefore  understand  that  we  shall  ])roceed  with  slags 
to  use  the  official  method,  namely,  ammonium  citrate  solution,  for  the 
determination  of  the  available  phosi3horic  acid  in  slags?  Do  I  undeir 
stand  that  to  be  the  sense  of  this  meeting! 

The  President.  In  Bulletin  ^o.  46  the  general  statement  is,  "Method 
for  the  examination  of  fertilizers,"  and  under  "Determination  of  phos- 
phoric acid"  there  is  nothing  said  with  reference  to  the  source  of  that 
phosphoric  acid,  indicating  that  basic  slag  is  not  included.  In  that 
case  it  would  seem  that  the  official  method  would  remain  the  same  as 
before. 

Mr.  Huston  thought  this  would  depend  largely  upon  the  ruling  of 
the  statutes  under  which  chemists  operated.  In  his  own  State  the 
statute  says,  "soluble  and  reverted  phosphoric  acid."  Each  must 
study  the  statute  in  his  State  and  determine  what  sort  of  ruling  he  can 
make  upon  it. 

Mr.  LiNDSEY.  I  want  to  protest  against  the  official  method,  whether 
you  call  it  soluble  or  available  or  reverted,  for  determining  the  soluble 
and  available  phosjjhoric  acid  in  Thomas  slag. 

Mr.  Huston.  If  you  look  at  last  year's  proceedings  you  will  hnd 
that  you  can  use  either  solution  and  gvt  identical  results  if  you  will 
modify  the  treatment  somewhat.  Our  official  solution  can  be  made  to 
do  just  as  the  Wagner  solution.  It  is  not  in  the  solution;  it  is  in  the 
handling  of  it.  I  am  not  in  favor  of  using  either  one  at  present  on 
Thomas  slag.  I  have  done  a  great  deal  of  work,  which  I  did  not  see 
fit  to  report,  in  investigating  whether  all  phosphoric  acid  in  certain 
slags  is  in  the  form  of  actual  tetrabasic  phosphates.  If  it  is,  I  am  con- 
vinced it  should  all  have  the  same  valuation.  Moreover,  our  climatic 
and  soil  conditions  are  so  difterent  that  I  do  not  think  we  should  take 
any  steps  toward  adopting  anything  which  is  based  upon  climatic 
conditions  in  Europe. 

The  recommendation  was  adopted  and  the  method  is  given  here. 

(The  amendment  seems  to  have  been  lost  sight  of.) 

Wagner  Method  for  the  DeteRxMixatiox  of  Phosphoric  Acid  in  Slags. 

(Principles  aud  Practice  of  Agricultural  Analysis,  Vol.  II,  pp.  78-80.) 

Solutions  employed — Ammonium  citrate. — In  1  liter  there  should  be  exactly  150  grams 
of  citric  acid  and  27.93  grams  of  ammonia,  equivalent  to  23  grams  of  nitrogen.  The 
following  example  illustrates  the  preparation  of  10  liters  of  the  solution  :  In  2  liters 
of  water  and  3^  liters  of  8  per  cent  ammonia,  1,500  grams  of  citric  acid  are  dis- 
solved, and  the  cooled  solution  made  up  exactly  to  8  liters.  Dilute  25  cc  of  this 
solution  to  250  cc  and  treat  25  cc  of  this  with  3  grams  of  calcined  magnesia  and 
distill  into  40  Cc  of  half  normal  sulphuric  acid.  Suppose  the  ammonia  nitrogen 
found  correspond  to  20  cc   of  fourth  normal  soda  lye.     Then  in   the  8   liters  are 

^.         '^0.0  X  0.0035  X  8000      ^^^  ^  \       .^  _        .         .      ^ 

contained  ^y^ =224  grams  ot  ammonia  nitrogen.     Ihen  in  order  to 

secure  in  the  10  liters  the  proper  quantity  of  ammonia  there  must  be  added  2  liters 
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of  water  containing  230 — 224  =  6  grams  of  nitrogen,  or  7.3  grams  ammonia:  viz, 
94  cc  of  0.967  specific  gravity. 

Mohj'bdate  solution. — Dissolve  125  grams  of  molybdif:  acid  in  dilute  2.5  per  cent 
ammonia,  avoiding  a  large  excess  of  the  solvent.  Add  400  grams  of  ammonium 
nitrate,  dilute  with  water  to  1  liter,  and  pour  the  solution  into  1  liter  of  nitric  acid 
of  1.19  specitic  gravity.  Allow  the  preparation  to  stand  for  twenty-four  hours  at 
35-  and  filter. 

Magnesia  mixture. — Dissolve  110  grams  of  pure  crystallized  magnesium  chlorid  and 
140  grams  of  ammonium  chlorid  in  700  cc  of  8  per  cent  ammonia  and  1,300  cc  of 
water.     Allow  to  stand  several  days  and  filter. 

The  directions  for  determining  the  phosphoric  acid  in  slags  and  raw  phosphates 
soluble  in  citrate  solutions  are  as  follows: 

Five  grams  of  the  material,  as  it  is  sent  into  commerce  without  grinding  or  sift- 
ing, are  placed  in  a  half-liter  flask  and  covered  with  nearly  a  (quarter  liter  of  water, 
and  then  200  cc  of  citrate  solution  added,  prepared  as  described  above.  The  llask  is 
filled  to  the  mark  with  water.  The  flasks  are  closed  with  rubber  stoppers  and 
without  delay  placed  for  half  an  hour  in  Wagner's  shaking  apparatus.  On  removal 
from  the  apparatus  the  mixture  is  filtered  and  50*  cc  thereof  treated  with  double  the 
quantity  of  molybdic  solution  at  80-,  and  the  precipitate  separated  after  cooling. 
The  i)recipitate  is  carefully  washed  with  1  per  cent  nitric-acid  mixture,  after  which 
the  filter  is  broken  anO  the  precipitate  washed  into  a  beaker  with  2  per  cent 
ammonia  and  the  filter  washed  therewith  until  about  100  cc  have  been  used.  If  the 
solution  1)6  turbid  from  the  presence  of  silicic  acid,  it  should  be  precipitated  a  sec- 
ond time  by  addition  of  molybdic  solution  until  the  acid  reaction  is  restored.  The 
aujmouiacal  solution  of  the  yellow  precipitate  is  treated,  drop  by  drop,  with  con- 
stant stirring,  with  15  cc  of  magnesia  mixture,  and  set  aside  for  two  hours. 
The  precipitate  is  collected,  washed,  ignited,  and  weighed  in  the  usual  manner. 
The  direct  precipitation  of  the  x^hosphoric  acid  by  the  magnesia  solution  in  pres- 
ence of  citrate  is  not  advisable,  because  of  the  almost  general  presence  of  silicic 
acid,  which  would  cause  the  results  to  be  too  high. 

The  chair  at  this  point  introduced  C.  E.  Munroe,  dean  of  the  Grad- 
uate School  of  Columbian  Univer.sity.  who  welcomed  the  members  of 
the  association,  to  the  university  and  made  a  cordial  tender  of  its 
facilities. 

Mr.  Ewell  exhibited  and  explained  a  piece  of  apparatus  he  had 
devised  for  the  determination  of  nitrogen  by  a  modification  of  the 
Schultze-Tiemann  method. 

The  chair  called  for  the  report  of  the'referee  on  soils  and  ash  ^Pro- 
fessor Goss).     The  report  was  read  by  Mr.  Wiley,  as  follows: 


EEPOET  Olf  SOILS  AND  ASH. 

By  Arthur  Gos.s,  Referee,  and  Harry  Sxyder,  Associate  Referee. 

As  the  first  step  in  the  soil  work  this  year,  the  following  circular  letter  was  sent 
out  to  the  chemists  of  all  the  experiment  stations  of  the  Ignited  States  and  to  such 
others  as  it  was  thought  might  be  interested  in  the  work : 

Mesilla  Park,  X.  Mex.,  Febniari/  16,  1S96. 

Dear  Sir:  The  referees  on  soils  and  ash  for  the  A.  O.  A.  C.  would  be  very  much 
pleased  to  have  you  take  part  in  the  work  this  year. 

In  accordance  with  the  instructions  given  the  referee  by  the  association  at  the 
last  njeeting,  the  following  points  will  be  taken  u)i  in  the  soil  work  : 

fl)  A  further  study  of  the  N/5  HCl  method,  outlined  in  last  year's  proceedings  of 
the  A.  0.  A.  C,  for  the  determination  of  available  phosphoric  iicid. 
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(2)  A  study  of  the  calcium  and  ammonium  clilorid  methods,  suggested  last  year, 
for  the  determinntion  of  available  potash. 

The  above  methods  gave  some  very  promising  results  last  year,  and  it  is  thought 
that  the  work  this  year  may  be  of  considerable  interest. 

(3)  A  study  of  the  nitrogen  contents  of  the  humus  as  a  means  of  determining  the 
availability  of  nitrogen. 

(4)  In  additou  to  the  above  it  has  been  thought  desirable  to  call  for  a  determina- 
tion of  total  potasli,  phosphoric  acid,  and  nitrogen  in  the  samples,  for  the  purpose 
of  comparison  with  the  i:)resumably  available  found. 

Through  the  kindness  of  Mr.  H.  W.  Wiley  and  Sir  Joseph  Henry  Gilbert,  arrange- 
ments have  been  made  by  which  samples  of  some  of  the  Rothamsted  soils  will  "be 
secured  for  this  work.     The  samples  will  be  distributed  from  Washington. 

The  ash  sample  will  be  of  a  native  New  Mexico  plant  of  common  occurrence.  It  is 
hoped  that  the  ash  work  this  year  may  lead  to  some  much  needed  changes  in  the 
methods  of  analysis. 

Working  directions  will  be  sent  to  those  who  take  part  in  the  work. 
Kindly  notif}'  the  referee  if  you  desire  the  samples. 
Very  respectfully, 

Arthuk  Goss,  Beferee. 

Harry  Snyder,  Associate  Beferee. 

*'  Eegrets  "  were  received  from  a  considerable  number  of  chemists,  and  requests  for 
samples  from  the  following :  H.  A.  Huston,  Lafayette, Ind. ;  Harry  Snyder,  St.  Anthony 
Park,  Minn.  ;  G.  L.  Teller,  Fayetteville,  Ark.  ;  F.  W.  Traphageu,  Bozeman,  Mont.; 
W.  E.  Perkins,  Agricultural  College,  Miss. ;  F.  W.  Woll,  Madison,  Wis. ;  H.  B.  Bat- 
tle, Ealeigh,  N.  C;  C.  G.  Hopkins,  Urbana,  111.;  A.  D.  Selby,  Wooster,  Ohio  ;  J.  A. 
Widtsoe,  Logan,  Utah  ;  H.  B.  Hardin,  Clemson  College^  S.  C;  E,  F.  Ladd,  Fargo, 
N.  D. ;  G.  C.  Caldwell,  Ithaca,  N.  Y. ;  Elton  Fulmer,  Pullman,  Wash. ;  A.  L.  Emery, 
San  Francisco,  Cal.  ;  Arthur  Goss,  Mesilla  Park,  N.  Mex.  ;  F.  T.  Shutt,  Ottawa, 
Canada. 

Upon  the  arrival  of  the  soil  samples  from  England  samples  were  sent  to  each  of 
the  chemists  requesting  the  same,  accompanied  by  the  following  working  directions: 

Directions  for  Work  on  the  A.  O.  A.  C.  Soil  and  Ash  Samples  for  1897. 

THE    soil    samples. 

Should  you  not  find  time  to  complete  all  the  work  outlined  below,  kindly  report 
such  results  as  you  may  secure. 

Test  all  reagents  used  by  running  blank  determinations  with  at  least  the  quan- 
tities used  in  the  regular  determinations. 

Calculate  all  results  to  the  water- free  basis. 

{!)  Litmus-paper  test. — Test  the  reaction  oi  the  soil  with  litmus  paper.  See  Eighth 
Annual  Eeport  of  the  Rhode  Island  Experiment  Station,  pages  232  to  280. 

(2)  Betermination  of  moisture. — Use  the  official  method,  page  38,  Bulletin  No.  46, 
Division  of  Chemistry,  United  States  Department  of  Agriculture. 

(3)  Determination  of  pliosphorieacidJby  treatment  with  N/o  HCl. — Prepare  a  N/5  solu- 
tion of  HCl  by  titrating  against  a  standard  KOH  solution  containing  little  or  no 
carbonate.     Use  pheuolphthaleiu  as  the  indicator. 

(a)  Digest  20  grams  of  soil  with  200  cc  of  the  N/.o  acid  in  a  water  bath  kept  at  40°  C. 
for  exactly  live  hours.  Filter  otf  the  solution  through  a  dry  paper  until  clear,  and 
titrate  20  cc  of  the  filtrate  with  standard  carbonate-free  KOH  solution,  using  phe- 
nolphthalein  as  the  indicator.  From  the  data  thus  secured  calculate  the  amount  of 
HCl  necessary  to  be  added  so  that  the  solution  may  be  N/5,  after  allowing  for  the 
acid  neutralized. 

(6)  Transfer  100  grams  of  the  soil  to  a  half-gallon  glass-stoppered  bottle  or  other 
similar  vessel,  and  add  exactly  1,000  cc  of  N/5  HCl,  corrected  for  neutralization  as 
in  (fl).  (See  last  year's  Proceedings.)  Place  bottle  in  a  large  water  bath  (a  metal 
washtub  will  answer)  and  keep  at  a  temperature  of  40-  C.  for  exactly  five  hours, 
shaking  thoroughly  each  half  hour.  At  the  end  of  the  digestion  shake  contents  of 
bottle  well  and  pour  quickly  upon  a  large,  dry,  ribbed  filter  of  two  thicknesses  of 
paper  and  of  sufficient  size  to  receive  the  entire  contents  of  the  bottle.  The  filtrate 
is  to  be  received  in  a  dry  vessel  and  the  solution  poured  back  through  the  paper 
until  entirely  free  from  soil  particles.  Evaporate  500  cc  of  the  filtrate  to  dryness  in 
a  porcelain  dish  after  adding  a  few  cc  of  nitric  acid  to  oxidize  organic  matter,  moisten 
the  residue  with  HCl,  take  up  with  water,  and  filter  into  a  fiask  of  about  450  cc 
capacity.  Add  15  grauis  of  ammonium  nitrate  in  solution,  add  strong  ammonia  until 
a  permanent  precipitate  forms,  and  then  concentrated  HNO3,  until  the  precipitate 
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dissolves.  Dilute  the  solution  to  ahont  100  cc  if  not  already  to  that  volume,  heat 
to  85-  C.  add  75  cc  of  recently  prepared  molybdate  solution,  dijcest  in  a  water  hath 
at  80-  for  fifteen  minutes,  with  occasional  shakings,  and  continue  the  determination 
as  given  in  Bulletin  Xo.  43  of  the  Division  of  Chemistry,  United  States  Department 
of  Agriculture,  pages  58  to  60. 

'4)  Determination  of  j^ota^h  hj/ treatment ivith  alkaline  ammonium  chlorid  (Huston). — 
Make  up  an  X/20  solution  of  ammoniuiu  hydrate  by  titrating  against  standard  acid, 
using  cochineal  as  the  indicator,  and  dissolve  10.6><  grams  of  c.  p.  crystalline  XH^Cl 
in  each  liter  of  the  same. 

Digest  100  grams  of  soil  with  1,000  cc  of  this  solvent  exactly  as  under  (1).  Evap- 
orate 500  cc  of  the  filtrate  to  a  small  volume  in  a  porcelain  dish,  transfer  to  a  good- 
sized  ]tlatiuum  dish,  add  one-half  cc  of  concentrated  HiS04,  and  finish  the  evaporation 
over  the  water  bath.  Heat  in  the  air  bath  at  140-  to  150-  C.  until  danger  from  l)op- 
ping  is  past,  ignite  off  the  ammonium  salts  and  organic  matter,  and  continue  the 
determination  by  the  Lindo-Gladding  method. 

( 5j  Determination  of  potash  bi/  treatment  Kith  X/n  CaCk  solution. — Prepare  an  N/5  solu- 
tion of  CaCl:  by  dissolving  the  c.  p.  salt  in  distilled  water  and  titrating  against 
standard  AgNO-,  solution,  using  i»otassium  chromate  as  the  indicator. 

Digest  100  grams  of  soil  with  1,000  cc  of  this  solvent  for  five  hours  at  40-,  exactly 
as  under  (1).  Evaporate  .500  cc  of  the  filtrate  to  dryness  in  a  porcelain  dish  after 
adding  a  few  cc  of  HCl  and  HNO-.  Take  up  with  water,  add  ammonium  hydrate  to 
alkaline  reaction,  and  precipitate  lime,  etc.,  with  ammonium  carbonate  and  oxalate. 
Filter,  add  one-half  cc  of  concentrated  H_S04  to  the  filtrate,  and  evaporate  to  dry- 
ness in  a  large  platinum  dish.  Thoroughly  dry  in  the  air  bath  at  140-  to  1.50-  C.  to 
prevent  poi»ping,  ignite  otf  the  ammonium  salts,  and  continue  the  determination  by 
the  Lindo-Gladding  m^-thod. 

("6;  Determination  of  humus. — Weigh  out  either  5  or  10  grams  of  soil  into  a  200  cc 
wide-mouth  glass-stoppered  bottle.  Add  150  cc  of  a  1  per  cent  solution  of  HCl.  If 
the  soil  contain  more  than  1  per  cent  of  CaO,  then  a  2  per  cent  solution  of  HCl  may 
be  used.  Place  the  stopper  in  the  bottle  and  shake  vigorously.  After  allowing  the 
acid  to  act  on  the  soil  for  five  or  ten  hours  the  solution  is  decanted  into  a  filter,  a 
fresh  quantity  of  100  cc  of  acid  is  added,  and  after  about  two  hours  action  it  is  also 
decanted  and  the  contents  of  the  bottle  transferred  to  the  funnel.  The  soil  in  the 
funnel  is  washed  with  the  dilute  acid  until  no  reaction  for  CaO  is  obtained,  and 
then  with  distilled  water  until  the  washings  are  only  slightly  turbid  with  AgXOa. 
After  receiving  the  above  treatment  the  soil  is  transferred  from  the  funnel  to  the 
stoppered  bottle,  using  150  cc  of  a  .3  per  cent  solution  of  ammonia.  The  bottle  con- 
taining the  soil  and  ammonia  solution  is  occasionally  shaken,  and  after  eight  or  ten 
hours  the  solution  is  decanted  into  a  500  cc  measuring  flask.  A  fresh  quantity  of 
100  cc  of  ammonia  is  added  to  the  soil  in  the  wide-mouth  bottle,  and  after  acting  on 
the  soil  for  three  or  four  hours  it  is  decanted  and  added  to  the  first  extract.  After 
the  third  extraction  the  extract  usually  becomes  nearly  colorless.  After  the  fourth 
extraction  the  extract  of  the  humus  solution  in  the  flask  is  made  up  to  500  cc,  and 
shaken  well.  After  allowing  about  an  hour  for  the  contents  of  the  tiask  to  settle,  a 
50  cc  portion  of  the  filtered  humus  extract  is  evaporated  to  dryness  in  a  tared  platinum 
dish.  After  drying  in  either  an  air  or  water  bath,  preferably  an  air  bath  at  101-  or 
102-  (on  account  of  the  tenacity  with  which  the  humus  retains  water  j.  the  dish  with 
the  humus  materials  is  weighed,  then  ignited  and  weighed  again,  the  loss  of  weight 
being  calculated  as  humus. 

(7)  Xitrogen  content  of  the  humus. — First  treat  5  or  10  grams  of  soil  with  dilute  HCl 
in  the  same  way  as  for  the  humus  determination,  then  extract  the  soil  with  a  3  ]>er 
cent  solution  of  XaOH  in  the  same  way  as  the  ammonia  extraction.  Two  hundred 
cc  of  the  filtered  solution  are  evaporated  nearly  to  dryness  in  a  Kjeldahl  distillation 
flask,  after  first  making  the  solution  acid  with  H.S04.  The  remainder  of  the  acid  is 
added,  and  the  nitrogen  determination  is  completed  in  the  usual  way. 

(S)  Determination  of  total  niiro;/en. — Use  the  method  outlined  on  page  2  of  Circular 
Xo.  2,  Chemical  Division,  United  States  Department  of  Agriculture. 

Xitrates  are  not  to  be  included. 

(9)  Determination  of  total  phosphoric  acid. — Use  the  method  outlined  on  page  6  of 
Circular  Xo.  2,  Chemical  Division,  United  States  Department  of  Agriculture.  Also 
see  bulletins  of  the  Division  of  Chemistry,  United  States  Department  of  Agriculture, 
Xo.  43,  pages  58  to  60,  and  Xo.  47,  pages  oO  to  57. 

(10)  iJetermination  of  total  potash. — I'se  the  J.  Lawrence  Smith  method  given  in 
Crook's  Select  Methods,  second  edition,  pages  28  to  40. 

The  ash  sample. — The  ash  is  of  Tornillo  wood  (Proxopsis  pubescens,  Beuth). 
Analyze  by  the  association  method.    See  Bulletin  Xo.  46,  Chemical  Division.  United 
States  Department  of  Agriculture.  i)ages  43  to  45. 
Please  report  suggestions  as  to  changes  in  the  methods  of  analysis. 
Respectfully, 

Arthuk  Goss,  liefcree. 

Harry  Snydkr,  Associate  Referee. 
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Up  to  f^ate  the  following  results  on  the  soil  samples  have  been  received; 
Tablk  Xo,  1. — Soil  samples.     Eesults  calculated  ivater-free. 


Sample  :N 

o.  1.— Gilbert  mark  W3. 
without  anj 

Wheat 
^  manure 

continuously  for  53  years 

Analysts. 

lieaction  with  litmus 
pa])er. 

i 

o 

"S 
a 

I 

Per  cent  of  acid  neu- 
tralized by  prelimi- 
nary digestion. 

Per   cent  total  N,  of- 
ficial metliod. 

Per     cent     total    IST, 
HgO  omitted. 

1 

a " 

Per  cent  N  in  humus, 
with     3    per     cent 
KOH. 

C.  C.  Moore,  IT.  S.  Dept.  Agr 

41.5 

2.30 

T.  C.  Trescot,  U.  S.  Dept.  Agr 

0.09 

1.00 

A.  M.  Peter,  Ky 

1.G6 
1.56 
1.41 
1.65 
1.75 

43.7 

L  M  Bloomfield  Ohio 



.11 
.12 

3.29 
1.47 

2.64 

4.92 



John  Thompson,  S.  C 

Elton  Fulmer,  Wash 

Neutral. 

J  F  Moore  Ark 

Harry  Snyder,  Minn. 

.094 
.10 

0.088 

1.58 

3.17 

3  17 

K.  F.  Hare,  N.  M 

Alkaline. 
Alkaline. 

1.  59 

45.2 
44.2 

Arthur  Goss,  IvT.  M 

1 

Average 

Alkaline. 

1.60 

43.7 

.102 

.088 

2.16 

2.93 

3.17 

Samxile  ISTo.  2. — Gilbert  mark  B2A.    Fertilized  for  53  years  with 
200  pounds  ammonium  salts  and  350  pounds  superphosphate  per 


mus 

IS 

II 

'S 

"A 

sg 

5  ^ 

'4^ 

■-37S 

Analysts. 

5c 

1 

It. 

■^  o 

11 

l.| 

a 

4^    0 

a 

a  p< 
.2 

8 

1:1 

1 

0 

l^.w' 

% 

u 

i; 

►.1 

s> 

S^^ 

£?M 

- 

P^- 

P. 

p. 

Ph 

Ph 

Ph 

p. 

C  C  Moore  U  S  Dept  Agr 

38  5 

2  19 

T.  C.  Trescot,  TJ.  S.  Dept.  A  or 

0. 10 

1.10 

A.  M  Peter  Ky 

1  78 

34  5 

L.  M.  Bloomfield,  Ohio    

1.68 

.12 

2.93 

2.41 

John  Thompson,  S.  C 

I^eutral. 

1.65 

.12 

2.38 

3.14 

Elton  Fulmer  Wash 

1  88 

J.  F.  Moore,  A  rk    

2.03 

t 

Harrj'  Snvder,  Minn 

.104 

0.095 

1.82 

3.00 

•3.00 

E  F  Hare  N  M 

Alkaline. 
Alkaline. 

1.87 

35.7 
35.  1 

.11 



Average 

Alkaline. 

1.81 

35.9 

.110 

.095 

2.33 

2.41 

3.00 
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Table  No.  2. — Soil  samples — Results  calculated  water-free. 


Sanipl 

e  No. 

1. -Gilbert  mark  TT  3. 
without  ani 

Wheat  conti 
•  manure. 

nuously 

for  53  years 

Analysts. 

If  r. 

Z  I 

11^ 

1'^ 

r-l 

C  (".  "\r<.oe.  U.  S.  Dept.A^.. 

A.  M.  Petir,  Ky 

L.  M.  Bloomfiekl,  Ohio 

John  Thorajjson.  S.  C 

0.13 

.10 
1.C3 

'■  0.  008 
3.004 
.003 
.006 
.002 
.003 
.004 

3  0.003 

1.21 

.97 
1.42 

1.38 

0.012 
.008 
.017 
.010 

o.ou 

.006 
.020 
.007 
1.029 
.008 

0.019 

0.019 

J  F  Moore  Ark 

.12 

12 

.13 

.11 

•^0.12 

Harry  Snyder.  Minn 

E.F.Hare.X.M 

.  005 

Average 

.118 

.12 

.  0039 

.003 

1.20 

1.38 

.0118 

I 

.0110 

.019        .019 

Samp] 
poun 

e  Xo.  2.— Gilbert  mark  B2A.     FertiUzed  for  53  jears  with  200 
ds  ammonium  salts  and  350  pounds  superphosphate  per  annum. 

Analysts. 

^1 

r 

Sift 

3§ 

C.  C.  Moore.  U.  S.  Dept.  Agr. . 
A  M  Peter  Kv 

0.20 

.21 
1.09 

.18 
.16 

.18 
.17 

2  0.16 

0.033 

3.036 

1.027 

.037 

1 .  054 

.038 

.033 

30.029 

1.08 

0.009 
.005 
.020 

.009 
.051 

0.012 
.003 
.013 
.005 
.020 
.005 

0.016 

0  017 

L.M.BlooPificld  Ohio 

1.45 
1.35 
1 

1.30 

John  Thorn p.son.  S.  C 

Elton  Fulmer  Wa-sh        .   . 

J.  F.  Moore.  Ark    

P.  F.  Hare.  X.  M 

Arthur  Goss.  X.  M 

.037 

Average 


,029      1.29      1. 30 


'  Not  included  in  the  average.  2  Molybdate  precipitate  made  at  65^. 

3Molybdate  precipitate  made  at  40^  in  four  hours. 

For  the  ikLospboric  acid  and  nitrogen  work,  tbe  soil  samples  sent  out  were  prob- 
ably tbe  best  that  could  have  been  secured.  The  great  length  of  time  that  the 
Rothamsted  experiments  have  been  in  i)ro;.jress  has  made  tlie  field  data  with  whiih 
to  compare  the  analytical  results  thoroughly  reliable. 

For  the  ])ota.sh  work,  it  would  have  been  better  to  have  sent  out  another  .sample, 
which  had  been  fertilized  with  potash,  to  be  used  in  connection  with  No.  1,  which 
has  received  no  fertilizer.  Neither  of  the  samples  sent  out  has  received  any  potash 
during  the  last  fifty-three  years  of  continuous  cropping.  This  i)oint  was  discovered 
by  the  referee  too  late  to  be  rectified;  so  about  all  that  has  been  secured  this  year 
in  the  potash  work  is  a  comparison  of  results.     In  order  that  the  results  of  this 
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year  may  be  made  more  valuable,  it  would  ijrobably  be  well  to  send  out  one  of  tlie 
Eothamsted  samples  next  year  that  lias  been  fertilized  with  potasli  salts. 

It  was  thought  by  the  referees  that  more  could  be  accomplished  by  dividing 
the  work.  Mr.  Snyder  very  kindly  consented  to  take  charge  of  the  nitrogen  work, 
and  to  him  credit  for  the  same  should  be  given.  He  makes  the  following  comments 
upon  that  part  of  the  work  : 

There  is  only  a  very  slight  difference  in  the  total  nitrogen  content  of  the  two  soils. 
A  marked  difference  could  not  be  expected  because  there  has  been  no  residual  nitro- 
gen to  be  added  to  the  total  nitrogen  originally  present  in  the  soil.  The  ammonium 
salts  not  utilized  by  the  crops,  according  to  the  Eothamsted  reports,  have  never 
accumulated  in  the  soil  for  the  succeeding  crops.  Our  results  are  in  accord  with 
this  fact.  A  marked  difference  in  the  amount  of  humus  in  these  two  soils  could  not 
be  expected,  because  humus-forming  manures  have  not  been  used.  The  nitrification 
and  oxidation  of  the  humus  in  these  two  soils  during  the  successive  years  of  culti- 
vation have  undoubtedly  been  quite  uniform.  Soil  No.  2,  altbougli  it  has  received 
an  annual  dressing  of  ammonium  salts,  is,  according  to  the  results,  deficient  in  nitro- 
gen. This  is  in  accord  with  the  field  results,  because  remunerative  crops  can  not  be 
obtained  without  the  continued  use  of  ammonium  salts  on  the  plot.  On  this  point 
the  field  results  and  analytical  results  agree.  The  per  cent  of  nitrogen  in  the  humus 
from  both  plots  is  low — much  lower  than  the  amount  usually  found  in  soils  that  are 
well  stocked  with  available  nitrogen. 

The  humus  results  of  the  different  analysts  do  not  agree  as  closely  as  thpy  should. 
This  is  partially  due  to  an  imperfection  in  the  method,  which  can  undoubtedly  be 
remedied — that  is,  obtaining  a  clear  filtrate  with  the  ammonia  treatment.  If  a  clear 
filtrate  is  not  obtained,  hydrated  clay-like  particles  are  present  in  the  humus  residue 
when  it  is  ignited,  Avhich  gives  too  high  results,  I  do  not  think  the  humus  methods 
have  been  tried  by  a  sufficient  number  of  analysts  to  entitle  them  to  a  place  as  offi- 
cial methods.  The  results  are  encouraging,  and  with  improvements  in  the  methods, 
and  their  application  to  a  greater  variety  of  soils  known  to  be  deficient,  and  Avell 
supplied  with  available  nitrogen,  a  safer  conclusion  can  be  reached  regarding  their 
value. 

It  jnsbj  also  be  added  that  the  results  on  total  nitrogen  agree  very  well,  and  seem 
to  indicate  that  the  association  method  for  that  determination  is  now  about  all  that 
could  be  desired. 

Undoubtedly  one  of  the  most  important  features  of  the  work  this  year  has  been 
that  on  the  availability  of  i)hosphoric  acid  as  determined  by  treatment  with  N/5  HCl. 
The  difference  between  the  two  soils  has  been  brought  out  in  a  very  striking  manner 
by  this-solvent.  In  every  case  the  results  agree  with  the  known  facts  in  saying  that 
sample  No.  2  has  a  much  larger  amount  of  available  phosphoric  acid  than  No.  1. 
With  one  or  two  exceptions,  the  results  by  the  different  analysts  agree  verj'^  well — 
quite  as  well  in  fact  as  could  be  expected  with  a  new  method. 

Sample  No.  2  having  received  350  pounds  of  superphosphate  per  annum  for  more 
than  fifty  years,  would  naturally  be  expected  to  contain  considerably  more  available 
phosphoric  acid  than  No.  1,  as  the  amount  applied  has  been  greatly  in  excess  of 
the  amount  removed  by  the  crops.  There  has,  in  fact,  been  so  much  added  that  the 
difference  is  seen  in  the  totals.  In  every  case  a  larger  amount  of  total  phosphoric 
acid  has  been  found  in  No.  2  than  in  No.  1.  It  will  be  observed,  however,  that  the 
dilute  acid  very  much  magnified  the  difference  in  phosphoric  acid  content  between 
the  two  soils.  While  the  ratio  between  the  average  totals  from  the  two  soils  is  1  to 
1.55,  the  corresponding  ratio  from  the  N/5  acid  is  1  to  9.16. 

As  a  further  check  ou  the  N/5  HCl  method,  through  the  kindness  of  Mr.  Wiley  and 
Sir  J.  H.  Gilbert,  samples  from  a  number  of  the  Kothamsted  Broadbalk  wheat-field 
plots  were  secured,  and  both  the  total  phosphoric  acid  and  that  soluble  in  N/5  HCl 
determined. 

The  results  secured  are  given  in  Table  No.  3. 
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Table  No.  3. — Results  calculated  water  free. 
[Rothamsted  soil  samples — Broadbalk  wheat  field.] 


Xo  phosphates  added  for  53  years. 

Fertilized  with  350  pounds  superphosphate  per 
annum  for  53  years. 

Gilbert 
mark. 

Reaction   Per  cent    Per  cent    -p„_  „„„^ 
with       moisture  total  PgOs  p  o  t  fth 
litmus    !      (five     1     (Goss      ^tVs'hS 
paper.       hours),    method).       ' 

!   Gilbert 
mark. 

Reaction 

with 

litmus 

paper. 

Per  cent   Per  cent    p„_  „.„^ 

moisture  total  P.^Oj  ^n  ^Tui, 

(five           (Gos's  '^f.s^t/^ 

hours),    method).   ^/^  HU. 

W3 

B3A 

BIA 

WlOA  . . . 

Alkaline          1. 59 
Alkaline          1. 43 
Alkaline          1. 81 
Alkaline '         1.  75 

0.11           0.005 
.11             .003 
.11             .002 
.10             . 004 

B4A.... 
B2 A  .... 
^11  .... 

\  W13.... 

1 

Av 

Alkaline 
Alkaline 
Alkaline 
Alkaline 

1.63 
1.87 
1.77 
1.82 

0.19 
.17 
.18 
.19 

0.034 
.037 
.043 
.045 

Av 

1  65 

.  108            . 0035 

1.77 

.183 

0398 

1 

By  referring  to  the  table  it  will  be  seen  that  the  analytical  results  check  with 
the  known  facts  in  every  instance.  While  there  is,  in  every  case,  a  difference  in 
amount  of  total  jihosphoric  acid  between  the  plats  receiving  phosphatic  fertilizers 
and  those  not  receiving  the  same,  this  difference  is  greatly  magnified  in  the  results 
secured  with  the  X/5  acid.  The  ratio  between  the  average  totals  is  1  to  1.7,  while 
the  corresponding  ratio  for  the  N/5  HCl  is  1  to  11.4. 

Through  the  kindness  of  Messrs.  Frear  and  Armsby,  two  composite  samples  from 
the  Pennsylvania  Experiment  Station  fertilizer  plats  were  also  secured.  These 
samples  were  analyzed  in  the  same  way  as  the  Rothamsted  samples  recorded  in  Table 
No.  3.     The  results  secured  are  given  in  Table  No.  4. 

Table  No.  4. — Results  calculated  water  free. 
[Pennsylvania  Exi^eriment  Station.     Soil  samples  from  Tier  I.  general  fertilizer  series.] 


Sample  I.— Prom  plats  1,  8,  14,  24,  36.     Ko  fertil-  , 
izer  added  for  16  years. 

Sample   II.— From  plats  11,21.     A  total  of  384 
pounds  phosphoric  acid  per  acre   added  in  16 
years. 

Reaction  with  lit- 
mus paper. 

Per  cent 

moisture 

(five 

hours). 

Per  cent 
total  P.Os 

(Goss 
method). 

Per  cent 
P2O5  with 
X/5  HCl. 

Per  cent 
Reaction  with  lit-     moisture 
mus  paper.              (five 
1    hours) . 

Per  cent 
total  P.2O5 

(Goss 
method). 

Per  cent 
P..O5  with 
X/5  HCl. 

Xeutral  ... 

1.12 

0.09 

0.0046  ' 

Xeutral           1. 35 

0.13 

0  0084 

! 

Dr.  Frear  states  that  the  unfertilized  ])lats  have  been  proved  deficient  in  available 
phosphoric  acid,  as  adjacent  plats  have  responded  quite  freely  to  the  application  of 
phosphates.  By  referring  to  the  table,  it  will  be  seen  that  but  a  small  amount  of 
phosphoric  acid  was  secured  from  the  sample  from  the  unfertilized  plats,  an  amount 
about  the  same  as  that  secured  from  the  Rothamsted  plats  receiving  no  phosphates, 
while  nearly  twice  as  much  was  obtained  from  the  plats  which  had  received  384 
pounds  of  phosphoric  acid  per  acre  in  sixteen  years.  This,  it  appears  to  me,  is 
again  in  accordance  with  the  facts  in  the  case.  It  will  be  noted  that  only  a  com- 
paratively small  amount  of  phosphoric  acid  was  added  to  the  fertilized  i)lats,  an 
amount  etjual  to  but  24  pounds  per  acre  per  annum.  It  is  no  doubt  true  tliat  a  con- 
siderable portion  of  this  Avas  removed  in  the  increased  crops  secured  bj-  the  use  of 
the  complete  fertilizer  emjiloyed,  so  that  one  would  not  expect  a  very  great  increase 
of  available  ])hosphoric  acid  in  the  sixteen  years  that  the  experiments  have  been  in 
progress. 

The  above  evidence,  added  to  that  secured  last  year,  would,  it  seems  to  me,  justify 
us  in  strongly  recommending  the  N/5  HCl  method  for  phosphoric  acid  for  adoption  as 
an  official  method  of  the  association. 
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There  are  one  or  two  points  in  the  method  as  it  stands  at  present,  however,  that 
should  be  changed  before  it  is  adopted. 

Mr,  Peter  has  called  attention  to  the  fact  that  all  of  iis  who  have  worked  with  the 
samples  tbis  year  have  doubtless  observed  that  the  final  precipitate  from  the  soil 
deficient  in  phosphoric  acid  is  extremely  small.  This  necessitates  exceptionally 
careful  work  to  avoid  error,  ^yhile  this  precipitate  is  still  many  times  larger  than 
the  gold  bead  secured  in  tbe  ordinary  gold  assay,  still  I  agree  with  Mr.  Peter  in 
thinking  that  it  would  be  conducive  to  more  uniform  results  to  increase  the  size  of 
the  precipitate  by  increasing  the  amount  of  the  soil  taken  in  the  case  of  soils 
thought  to  be  low  in  available  phosphoric  acid,  and  shall  therefore  make  that 
r*  commendation. 

It  has  been  thought  by  one  or  two  that  the  short  time  allowed  in  the  method  for 
the  formation  of  the  yellow  precipitate  is  not  sufficient,  in  the  case  of  such  small 
amounts  of  phosphoric  acid  as  are  present  in  soils  deficient  in  that  substance. 
While  the  referee  very  strongly  believes  the  contrary,  based  on  results  from  a  large 
number  of  experiments,  conducted  for  the  purpose  of  settling  that  point,  a  con- 
siderable number  of  which  has  been  reported  in  the  A.  O.  A.  C.  proceedings  in  the 
past,  still,  as  it  can  do  little  harm  for  the  yellow  precipitate  to  stand  longer  than 
ten  minutes  at  80°,  it  might  bo  well  to  jnake  the  directions  read :  Allow  to  stand  not 
less  than  ten  minutes  after  removing  from  the  80^  bath.  This  will  permit  those  who 
have  doubts  on  the  above  point  to  allow  the  precipitation  to  proceed  over  night  if 
desired. 

In  the  preliminary  digestion  to  determine  the  amount  of  acid  neutralized  by  the 
soil,  it  is  quite  unnecessary  to  take  as  much  as  20  grams  of  soil  and  200  cc  of  acid. 
Half  these  amounts  is  ample. 

Mr.  Moore,  of  the  United  States  Department  of  Agriculture,  seems  to  have  mistaken 
the  intention  of  the  referee  in  that  instead  of  increasing  the  strength  of  the  N/5 
acid  sufficiently  to  allow  for  the  acid  neutralized  by  the  soil  and  keeping  the  Aolume 
the  same,  he  secured  the  increased  amount  of  acid  by  takiug  a  larger  A^olume  of  N/5 
acid.  This  point  should  perhaps  be  a  little  more  detinitely  brought  out  in  the  direc- 
tions. It  seems  to  the  referee  to  be  more  conducive  to  concordant  results  to  use 
the  same  volume  of  solution  in  each  case. 

By  having  a  large  stock  solution  of  normal  or  half  normal  HCl  on  hand,  it  is  very 
little  trouble  to  calculate  the  number  of  cubic  centimeters  of  the  same  and  the  num- 
ber of  cubic  centimeters  of  water  necessary  to  be  used  to  make  a  liter  of  acid  of  the 
desired  strength.  For  the  preliminar}-  digestion  all  that  is  necessary  is  the  N/2HC1 
used  by  many  in  the  nitrogen  work,  which  same  can  be  very  readily  diluted  to  make 
N/5  acid. 

Mr.  Peter  did  some  valuable  experimenting  on  the  samples  this  year  other  than 
that  called  for  in  the  directions.  This  work  will  be  found  recorded  in  Tables  Nos. 
1  and  2.  Among  other  things  he  showed  that  N/5  nitric  acid  gave  results  quite  as 
good  on  these  soils  as  N/5  HCl,  and  in  some  ways  he  thought  it  might  be  preferable 
to  HCl. 

In  regard  to  the  other  determinations  made  in  the  soil  samples,  perhaps  all  the 
information  that  is  necessary  concerning  them  pan  be  secured  by  referring  to  Tables 
Nos.  1  and  2. 
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THE    ASH    SAMPLE. 

The  results  secured  on  the  ash  sample  are  given  in  Taljle  Xo.  5. 

Table  No.  5, — Ash  of  tornillo  u-ood  (Prosojjis puhescens). 


J.K.  Hav 
Substances.  I^^^f 

Agr. 

Per  cent. 

Soluble  Si02 11. 12 

Insoluble  SiO^  (sand ) 10. 29  ! 

TotalSiO., 21.41  i 

K2O 11.05 

Xa^O 3.57 

CaO 35.  55 

MgO 8.97 

Mn^Oj .24 

Fe,03 

Al^Os 

Fe^OsALOj 1.35 

P2O5 3.28 

SO3 .67 

CO. 12.75 

CI .26 

C .78 

Moisture .22 

Total 100. 10 

0  equivalent  of  CI .06 

c 

Corrected  total 100.  04 


G.  L.  Tel- 
ler. Ar- 
kansas. 


A.M. 

Holt, 

Xew 

Mexico. 


L.M. 
Bloom-       .  „     „ 
Held,       ^^^'^^J 
Ohio. 


Per  cent.  Per  cent.    Per  cent.    Per  cent. 

10.73    7.37  9.74 

11.16    '        14.70  12.05 

21.89  21.40           22.07             21.69 

11.03  1L03           11.35             11.11 

3. 87  4  32             6. 89              4. 66 

35.10  34.57  I        34.46             34.92 

7.18  6.92             8.12              7.80 

.23  .27               .48                .30 

LOO    

2.28    

(3.28)  3.32               .97              2.23 

3.39  3.4G             3.45              3.40 

.66  .87               .59                 .70 

12.28  I    12.49  12.51 

.60  .22      .2§       .33 

.67  '    1.51      .88       .96 

.18  .20 

I'JO.  18    100.56 

.13      .05  

100.05    100.51  


It  will  be  seen  hy  referring  to  the  taole  that  the  agreement  of  re.'^ults  on  several 
of  the  determinations  is  very  good.  There  are  other  determinations,  liowever,  on 
whicli  the  agreement  is  not  so  good  as  could  he  "wished.  This  is  particularly  true  in 
the  case  of  soluble  and  insolul)le  silica,  iron,  aluminum,  and  soda. 

As  the  methods  for  the  proposed  separation  of  soluble  and  insoluble  silica  have 
been  shown  to  be  utterly  unreliable  (see  Proceedings  of  the  Eleventh  Convention 
of  the  A.  0.  A.  C,  pp.  43.  44),  and  as  this  separation  is,  to  say  the  least,  of  very  doubt- 
ful utility,  it  would  seem  to  be  well  to  combine  the  soluble  and  insoluble  silica  deter- 
minations in  one  of  total  silica.  This  would  shorten  the  work  and  result  in  more 
uniform  results.     This,  then,  will  be  offered  as  a  recommendation. 

The  way  the  method  for  potash  and  soda  .stands  at  present,  if  literally  followed, 
may  not  result  in  a  complete  separation  of  the  alkali  chlorids  from  lime,  etc.  The 
referee  believes  that  both  ammonium  carbonate  and  oxalate  should  be  used  in  pre- 
cijiitating  out  the  lime,  etc.,  and  that  the  process  of  purilication  will  in  some  cases 
have  to  be  carried  even  further  than  called  for  in  the  directions.  This  will  consti- 
tute another  recommendation. 

In  the  Xew  Mexico  laboratory  it  has  been  found  impossible  to  secure  reliable 
results  in  the  determination  of  chlorih  by  the  volumetric  method,  notwithstanding 
the  fact  that  we  constantly  employ  that  method  in  the  analysis  of  waters,  and 
should  be  familiar  with  the  same.  The  end  reaction  in  the  case  of  ash  solutions  is 
frequently  so  indistinct  that  the  exact  point  can  not  be  told  with  any  degree  of  cer- 
tainty. On  the  other  hand,  tlie  gravimetric  metliod  has  been  found  to  give  perfectly 
reliable  results.  The  referee  therefore  thinks  that  the  volumetric  method  for  chlo- 
rin  in  ash  should  be  stricken  out  and  the  gravimetric  method  required. 
loG63— No.  51 0 
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Recommendations. 

The  referee  this  year  wishes  to  leave  as  clear  a  field  as  possible  for  liis  successor, 
and  has  therefore  only  one  recommendation  to  make  in  regard  to  the  work  that  shall 
be  taken  up  next  year,  and  that  is : 

(1)  That  the  ammonium  and  calcium  chlorid  methods  be  tried  again  next  year  on 
the  Rothamsted  samples  l^os.  16069,  Gilbert  mark  W  lOA,  and  16070,  Gilbert  mark 
W  13,  if  Mr.  Wiley  have  sufficient  of  the  same.  No.  16069  has  been  in  wheat  continu- 
ously for  fifty-three  years  and  fertilized  annually  with  ammonium  salts  equivalent  to 
86  pounds  of  nitrogen  per  acre,  No.  16070  has  been  in  wheat  continuously  for  the 
same  length  of  time  and  fertilized  annually  with  400  pounds  of  ammonium  salts,  350 
pounds  superphosphate,  and  200  pounds  sulphate  of  jjotash. 

(2)  It  is  recommended  that  the  N/5  HCl  method  for  available  phosphoric  acid,  in 
the  form  given  below,  be  adopted  as  an  official  method  of  the  association. 

Determination  of  pliosplioric  acid  soluble  in  N/5  HCl. 

(a)  Prepare  a  large  stock  solution  of  normal  HCl  by  titradng  against  a  stand- 
ard KOH  solution  containing  little  or  no  carbonate,  using  phenolphthalein  as  the 
indicator. 

(h)  Digest  10  grams  of  air-dried  soil,  in  a  stoppered  flask,  with  100  cc  of  N/5  HCl, 
for  exactly  five  hours  in  a  water  bath  kept  at  a  temperature  of  40°  C.  Filter  off  the 
solution  through  a  dry  paper,  cool  to  the  room  temperature,  and  titrate  20  cc  of 
the  filtrate  with  standard  carbonate-free  KOH  solution,  using  phenolphthalein  as  the 
indicator.  From  the  data  thus  secured,  calculate  the  exact  number  of  cubic  centi- 
meters of  normal  acid  from  the  stock  solution  and  of  water  to  combine  to  make 
exactly  one  or  two  liters  of  acid  of  N/5  strength  after  allowing  for  the  amount 
neutralized  by  the  amount  of  soil  to  be  taken  in  (o). 

(c)  Transfer  200  grams  of  the  air-dried  soil  to  a  large,  dry,  glass-stoppered  bottle  or 
other  similar  vessel,  and  add  exactly  2,000  cc  of  N/5  HCl  corrected  for  neutralization 
as  in  (b).  (In  the  case  of  soils  known  to  be  rich  in  available  phosijhoric  acid  100 
grams  of  soil  and  1,000  cc  of  acid  will  be  sufficient.)  Place  the  bottle  in  a  large 
water  bath  (a  metal  washtub  is  excellent),  and  keep  at  a  temperature  of  40°  C.  for 
exactly  five  hours,  shaking  thoroughly  each  half  hour.  At  the  end  of  the  digestion 
shake  contents  of  bottle  well  and  pour  quickly  upon  a  large,  dry,  ribbed  filter  of 
two  thicknesses  of  paper  and  of  sufficient  size  to  receive  the  entire  contents  of  the 
bottle.  The  filtrate  is  to  be  received  in  a  dry  vessel  and  the  solution  poured  back 
through  the  paper  until  entirely  free  from  soil  particles.  Evaporate  1,000  cc  of  the 
filtrate  if  200  grams  of  soil  were  taken,  or  500  cc  if  100  grams  were  taken,  to  dryness 
in  a  porcelain  dish,  after  adding  a  few  cubic  centimeters  of  nitric  acid  to  oxidize 
organic  matter,  etc.,  moisten  the  residue  with  HCl,  take  up  with  water,  and  filter 
into  a  flask  of  about  500  cc  capacity.  Add  15  grams  of  ammonium  nitrate  in  solution, 
add  strong  ammonia  until  a  permanent  precipitate  forms,  and  then  concentrated 
nitric  acid  until  the  precipitate  dissolves.  Dilute  the  solution  to  about  100  cc,  if  not 
already  to  that  volume,  place  a  thermometer  in  the  flask,  and  heat  to  exactly  85°  C. 
Add  75  cc  of  recently  prepared  molybdate  solution,  digest  in  a  water  bath  at  80°  for 
fifteen  minutes,  with  occasional  shakings,  remove  from  the  bath  and  allow  to  stand 
at  least  ten  minutes  before  filtering.  Continue  the  determination  as  given  in  Bulletin 
No.  43  of  the  Division  of  Chemistry,  United  States  Department  of  Agriculture,  pages 
58  to  60. 

(3)  It  is  recommended  that  in  the  third  line  from  the  bottom,  first  paragraph 
under  ^'Analysis  of  the  ash,"  Bulletin  No.  46,  Chemical  Division,  United  States 
Department  of  Agriculture,  page  44,  the  words  ''an  S.  &  S.  hardened  filter"  be 
stricken  out  and  the  words  ''a  tared  Gooch  crucible"  be  substituted  instead.  Fur- 
ther, that  section  (a)  be  changed  to  read  as  follows: 

(a)  Determination  of  carbon  and  silica. — The  carbon  and  silica  in  the  Gooch  crucible 
are  to  be  dried  at  120°  C.  to  constant  weight,  incinerated  to  constant  weight,  and 
the  amount  of  carbon  determined  from  the  loss  in  weight. 

(4)  That  on  page  45,  iu  the  fourth  and  seveuth  liues  from  the  top,  the  words  "  and 
ammonium  oxalate"  be  inserted  after  ''ammonium  carbonate,"  and  that  at  the  end  of 
the  paragraph  the  following  be  added:  "Test  the  purity  of  the  chlorids  by  dissolv- 
ing same  in  a  few  cubic  centimeters  of  water  and  adding  a  few  drops  of  ammonium 
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carlionate  and  oxalate  solution.     If  a  precipitate  or-cur,  or  if  there  l)e  an  insoluble 
residue  upon  dissolving  in  water  the  same  must  be  filtered  off  the  solution  evapo- 
rated to  dryness,  ignited,  and  reweighed.     In  any  case  the  ammonium  salts  nnist,  of 
course,  he  ignited  oif  before  the  potash  determination  is  made." 
(5)  That  section  (/)  be  changed  to  read  as  follows : 

(/)  Determination  of  Chlorln. — Boil  10  grams  of  the  ash  in  400  cc  of  pure  water  for 
half  an  hour,  transfer  to  a  measuring  dask  of  500  cc  capacity  :  cool,  make  up  to  vol- 
ume, filter  otf  through  a  dry  folded  yiaper.  transfer  100  cc  of  the  filtrate  to  a  beaker, 
acidify  with  nitric  acid,  heat  to  boiling,  add  silver  nitrate  solnti(Ui  in  excess,  and  stir 
vigorously  until  the  precipitate  collects.  Filter  off  the  precipitate  through  a  tared 
Gooch  crucible,  wash  thoroughly  with  hot  water,  dry  at  110-,  and  weigh  the  AgCl 
secured. 

COXCLUSIOX. 

In  conclusion  the  referee  wishes  to  thank  those  who  have  taken  part  in  the  work 
this  year  for  their  cooperation,  and  to  state  that  he  Ijelieves  the  association  will 
agree  in  saying  that  the  subject  of  soil  analysis  is  another  step  forward  as  a  result 
of  the  year's  work.     To  his  successor  he  would  say,  Let  the  good  work  proceed. 

Mr.  Wilej^  read  a  letter  from  Mr.  Caldwell,  expre-ssing-  regret  at  not 
being  able  to  be  x^resent.  He  also  read  a  letter  from  the  referee  oa 
sugar,  statiug  that  owing  to  illuess  in  his  family  he  could  neither  be 
present  nor  prepare  a  report. 


REMARKS  OF  SECRETARY  WILSON. 

The  Cliair  at  this  point  introduced  the  lionorable  Secretary  of  Agri- 
culture, wlio  had  just  entered  the  hall.  The  Secretary  was  greeted 
with  applause.     He  said : 

Me.  President  and  Gentlemen:  I  have  merely  stopped  in  to  add 
to  your  welcome  to  the  capital  city  of  the  nation.  I  am  glad  to  see 
you.  As  a  representative  of  the  farming  classes  of  the  country,  I  am 
proud  to  sa3^  in  your  presence  that  we  recognize  fully  the  necessity  of 
the  chemist  in  all  advances  that  are  being  made  along  lines  of  progress 
in  agriculture.  I  need  only  mention  briefly  the  work  being  done  all 
along  the  line. 

In  dairy  matters  we  have  Babcock  and  Patrick,  who  have  helped 
the  farmer  to  better  methods  and  enabled  the  American  farmer  to  put 
his  products  on  tlie  markets  of  the  world  and  compete  successfully 
with  dair}^  production  of  the  famed  countries  of  Europe.  The  chemist 
has  helped  us  to  do  this.  I  might  mention  the  work  being  done  along 
the  line  of  making  the  United  States  independent  of  other  countries  in 
sugar.  The  work  being  done  by  many  of  our  experiment  stations  along 
this  line  is  of  great  value.  A  hundred  million  dollars  is  hung  \\\)  within 
reach  of  the  American  farmer,  and  the  chemist  is  telling  him  how  to 
get  it,  analyzing  his  beets,  and  telling  him  what  soils  are  best  for  his 
purposes.  Permit  me  to  assure  you  that  the  retention  of  this  hun- 
dred million  dollnrs  among  our  i)eoi)le  will  be  due  in  great  part  to  the 
excellent  work  being  done  by  the  chemist.  I  mention  the.se  tilings 
only  to  show  the  appreciation  of  your  work  by  those  who  till  the  soil. 
As  regards  the  light  in  which  we  estimate  vou  here,  I  stand  readv  to 
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make  good  whatever  Dr.  Wiley  wants  done  by  the  Department  of 
Agriculture.     (Applause.) 

I  have  but  one  ambition  here  that  I  very  greatly  desire  to  have  grat- 
ified during  my  short  stay  in  connection  with  the  Department  of  Agri- 
culture. If  I  can  succeed,  through  the  help  of  the  corps  of  scientists 
connected  with  the  Department,  in  impressing  future  Presidents  of  the 
United  States  with  the  fact  that  no  man  should  be  Secretary  of  Agri- 
culture without  a  scientific  knowledge  of  agriculture,  then  my  ambition 
will  have  been  satisfied,  i^o  matter  what  the  political  complexion  of 
the  President  of  the  United  States  who  may  succeed  the  present  occu- 
pant of  the  White  House,  I  would  like  to  have  him  select  for  Secretary 
of  Agriculture  a  man  who  understands  not  only  the  i)ractical  but  the 
scientific  side  of  agriculttire.  I  think  this  may  possibly  be  done  if  we 
succeed  fairly  well  in  impressing  the  country  that  the  work  we  are 
doing  is  good,  honest,  helpful  work  now. 

I  thank  you  for  your  attention,  and  will  detain  you  no  longer.  It  is 
a  serious  thing  to  interrai:)t  scientific  gentlemen,  even  for  a  moment. 
(Applause.) 

The  Chair  expressed  the  gratification  of  the  association  at  the  Secre- 
tary's remarks. 

Mr.  Wiley  read  a  letter  from  Professor  Hilgard,  calling  attention  to 
a  paper,  on  the  objects  and  methods  of  soil  analysis,  read  at  the  Minne- 
apolis meeting  of  the  Association  of  Agricultural  Colleges  and  Experi- 
ment Stations : 


THE  OBJECTS  AND  METHODS  OP  SOIL  ANALYSIS. 

Paper  of  E.  W.  Hilgard,  read  before  tlie  Detroit  meetiag  of  the  Society  for  the 
Promotion  of  Agricultural  Science. 

Among  the  recommendations  made  to  the  Association  of  Official  Agricultural 
Cheiuists  by  the  referee  for  1896  (Professor  Goss)  the  first  reads  as  follows: 

^'That  the  complete  analysis  of  a  strong  acid  solution  of  the  soil,  as  given  last 
year  and  in  preceding  years,  be  stricken  out  of  the  official  methods  of  the  association." 

In  the  referee's  record  of  work  preceding  these  recommendations  he  shows  a 
keen  insight  and  presents  so  many  new  and  important  facts  regarding  the  action  of 
root  solvents  upon  soils  and  the  variety  of  causes  that  may  influence  their  action 
that  I  can  not  but  express  surprise  and  regret  at  the  recommendation  above  quoted. 
It  api)ear8  to  me  to  tend  in  the  direction  of  narrowing  down  the  function  of  the 
agricultural  chemist  to  that  of  a  mere  analyst,  dependent  upon  figures  alone — the 
very  state  of  things  which  has  contributed  most  to  the  discredit  so  long  attaching 
to  chemical  soil  analysis.  As  the  same  referee  has  been  reappointed  for  1897,  and 
will  be  sure  to  carry  outtherecommendations  as  adopted  with  the  same  alnlity  mani- 
fested heretofore,  I  desire  to  interpose  a  demurrer  against  the  argument  upon  which 
he  bases  the  above  recommendation. 

Especially  on  the  ground  that  potash,  phosphoric  acid,  and  nitrogen  are  the  only 
three  elements  needed  to  be  supplied  in  fertilizers,  Goss  argues  that  these  are  the 
only  ones  required  to  be  determined  by  the  analyst  as  to  their  total  quantity  and 
availability.  ^'Practical  analysis  of  the  soil,"  he  says,  "should  tell  us  with  reason- 
able certainty  the  amount  and  availability  of  these  three  substances  as  present  in 
the  soil,  and  then  we  will  have  accomplished  the  principal  thing  that  is  at  present 
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demanded  of  the  soil  analyst."  He  admits  that  it  is  interesting,  from  a  scientific 
point  of  view,  to  know  something  of  the  other  ingredients,  and  that  they  may  have 
some  bearing  on  plant  production;  but  thinks  that  the  time  required  for  their 
determination  could  be  better  used  for  other  purposes. 

But  Tvhat  does  Goss  mean  by ''practical  analysis?"  Tlie  word  ''practical"  has 
been  much  abused  in  connection  with  agricultural  science  and  practice.  It  is 
launched  against  us  as  a  kind  of  thunderbolt,  both  by  the  men  who  wholly  disbe- 
lieve in  the  application  of  science  to  agriculture,  as  well  as  by  thepolitician,  who  tries 
to  make  capital  by  denouncing  our  agricultural  experiment  stations  for  pursuing 
any  line  of  research  which  does  not  appear  to  him  to  bear  directly  upon  the  opera- 
tions of  the  farm.  Now,  if  in  "practical  analysis"  Goss  speaks  onlj^  with  reference 
to  satisfying  the  demands  of  the  public,  I  must  dissent  from  him  as  to  the  propriety 
ot  attempting  to  conciliate  these  two  classes  at  the  expense  of  the  true  objects  and 
methods  of  investigation,  for  which  our  stations  were  established.  Such  conces- 
sions are  not  only  directly  harmful  to  the  true  purposes  of  station  work,  but  indi- 
rectly lead  only  to  further  inadmissible  demands  on  the  i)art  of  the  self-styled 
practical  man. 

While,  as  I  have  always  insisted,  the  stations  ought  assuredly  first  to  cater  to  the 
pressing  needs  of  the  population  by  their  work,  yet  they  will  be  untrue  to  their 
mission  if  they  fail  to  develop  at  the  same  time  agricultural  science  from  its  scien- 
tific side,  and  thereby  aid  iu  enabling  it  to  enlarge  its  functions  beyond  the  mere 
prediction  of  the  present  productive  capacity  of  land  and  its  immediate  needs  in 
fertilization.  But  even  as  regards  fertilization,  it  is  quite  obvious  that  the  kind  of 
fertilizers  to  be  used  should  depend  in  very  many  cases  essentially  upon  the  pres- 
ence or  absence  of  other  ingredients  than  the  three  furnished  in  the  fertilizers. 
From  the  latter  point  of  view,  Goss's  recommendation  is  not  well  advised,  even  if 
only  meant  to  apply  to  the  commercial  chemist  who  does  not  go  beyond  the  sup- 
plying of  figures  to  his  client,  leaving  the  latter  to  interpret  them  for  himself  as 
best  he  may.  It  is  not  enough  that  his  figures  should  show  that  nitrogen,  phos- 
phoric acid,  or  potash  are  deficient  or  abundant,  but  it  must  also  be  shown  what, 
from  the  general  character  of  the  soil,  is  the  form  in  which  these  substances  should 
be  supplied,  and  in  what  manner.  The  chemist  should,  for  instance,  be  able  to  tell 
the  farmer  whether  his  soil  is  such  that  the  application  of  a  superphosphate  to  the 
surface  will,  in  the  ordinary  course  of  events,  assure  a  supply  of  that  substance  to 
the  roots  of  his  crops;  or  Avhether,  e.  g.,  the  presence  of  an  excess  of  calcic  car- 
bonate will  prevent  the  penetration  of  the  superphosphate  to  the  depth  of  not  more 
than  an  inch  or  so;  or  whether,  as  in  the  highly  ferruginous  soils  of  Hawaii,  any 
water-soluble  phosphoric  acid  will,  in  a  short  time,  be  definitely  locked  up  in  the 
insoluble  form,  so  that,  instead  of  a  superphosphate,  it  should  be  applied  in  the  form 
of  phosphate  slag,  or  in  that  of  di-calcic  i^hosphate.  Speaking  quite  generally,  the 
presence  or  absence  of  lime  is,  and  has  long  been  known  to  be,  such  a  potent  deter- 
mining factor  in  the  producing  qualities  of  soils,  that  the  proposition  to  omit  its 
determination  as  a  part  of  the  regular  analysis  for  practical  pur})ose8  will  sound 
strangely  in  the  ears  of  agricultural  chemists  the  world  over.  It  means  that  it  is 
of  no  practical  consequence  to  know  whether  a  soil  is  naturally  marled  already  or 
re(|uires  artificial  marling  to  improve  its  chemical  or  physical  condition,  or  both ; 
whether  it  is  naturally  adapted  to  the  production  of  leguminous  crops,  and  a  score  of 
other  points  which  are  everywhere  considered  of  importance  to  the  farmer. 

Similarly  iu  the  case  of  potash,  it  is  not  a  matter  of  indifierence  whether  or  not  a 
large  proportion  of  zeolotic  silicates  is  present,  by  which  it  may  be  retained,  or 
whether  the  next  rain  may  wash  it  through  the  soil  beyond  the  reach  of  the  roots. 
From  this  point  of  view  alone,  then,  the  determination  of  lime,  iron,  and  "soluble" 
silica  are  of  direct  importance,  even  according  to  the  present  imperfect  state  of 
our  knowledge.  But  how  shall  that  knowledgt^  ever  be  perfected  if  the  recom- 
mendation of  the  referee  as  to  the  deternnnation  of  the  three  ingredients  alone 
should  be  accepted  by  our  experiment  station  workers?     It  seems  to  me  that  the 
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very  fact  quoted  by  Goss  that  "  we  know  but  little  about  the  relation  of  these  sub- 
stances to  vegetable  nutrition ''  should  lead  him  to  reverse  his  conclusions,  at  least 
so  far  as  the  experiment  station  w^ork  is  concerned. 

The  recommendation  works  the  wrong  way  also  in  the  case  of  virgin  soils ;  for  in 
the  case  of  cultivated  land  something  at  least  is  usually  known  in  a  general  way 
regarding  the  character  of  the  soil  and  the  main  points  to  be  observed  in  their  treat- 
ment. As  I  have  frequently  urged,  in  virgin  soils  the  proportion  of  actually  avail- 
able plant  food  may  ordinarily  be  presumed  to  be  proportionate  to  the  total  amounts 
present  as  ascertained  by  the  usual  methods  of  analysis;  so  that  the  determination 
of  actually  available  plant  food  by  the  method  of  Dyer  or  others  becomes  for  the 
time  being  unnecessary.  But  it  is  of  the  greatest  importance  to  know  whether  such 
soils  are,  for  instance,  sufficiently  or  highly  calcareous  or  not,  since  that  indicates 
from  the  outset  not  only  their  adaptability  or  nonadaptability  to  certain  important 
cultures,  but  also  the  sufficiency  of  their  potash  supply.  In  the  case  of  ferruginous 
soils  again,  it  is  of  the  highest  importance  to  inform  the  farmer  that  if  he  allow 
the  subsoil  to  become  swamped  by  an  overuse  of  irrigation  water  or  otherwise,  that 
subsoil  will  become  not  only  useless  but  positively  poisonous,  not  only  to  roots 
within  it,  but  also  to  those  some  distance  above  it,  because  of  the  reduction  of  ferric 
hydrate  to  ferrous  carbonate,  or  other  ferrous  salts.  In  irrigation  regions  it  is  often 
of  paramount  importance  that  this  should  be  known  beforehand. 

I  contend,  therefore,  that  the  determination  of  lime,  ferric  oxid,  and  soluble  silica 
is  of  such  general  importance,  not  only  witli  a  view  to  the  general  qualities  of  the 
soil  under  cultivation,  but  also  with  reference  to  the  use  of  fertilizers,  that  to  omit 
these  determinations  and  to  restrict  soil  analysis  to  the  '^practicaP'  determination 
of  potash,  phosphoric  acid,  and  nitrogen,  is  inadmissible  as  tending  to  lead  to  erro- 
neous inferences,  not  only  theoretically,  but  practicall3^ 

But  if  these  determinations  be  made,  it  is  difficult  to  see  wherein  the  process  of 
general  analysis  as  heretofore  practiced  can  be  materially  abridged.  It  is  true  that 
we  might  omit  the  determination  of  the  alumina,  determining  only  the  iron  by  titra- 
tion of  the  solution  of  the  joint  precipitate.  But  this  is  a  verj^  trifling  abridgment 
and  i)revents  the  comparison  of  the  amount  of  soluble  silica  with  that  of  alumina 
with  reference  to  kaolinite,  which,  as  I  have  heretofore  shown,  frequently  goes  to 
prove  the  presence  of  free  aluminum  hydroxid  in  the  soil.  It  is  true  that  we  do  not 
know  the  exact  significance  of  this  substance  in  connection  with  the  soil  functions, 
but  it  is  certainly  desirable  that  we  should  obtain  this  knowledge  hereafter;  and  to 
omit  this  determination  for  the  sake  of  so  slight  a  saving  of  time  seems  to  me  to  be 
a  deviation  from  the  principles  of  sonnd  investigation,  of  which  certainly  the  sta- 
tions should  not  furnish  the  example. 

As  regards  other  substances,  viz,  magnesinm  and  manganese,  I  agree  that  man- 
ganese might  very  well  be  let  go  in  with  iron,  if  this  were  compatible  with  the 
proper  separation  from  the  lime;  for,  so  far  as  we  know,  manganese  exerts  little  or 
no  influence  upon  vegetable  nutrition,  and  its  functions  in  the  soil  appear  to  be  of 
no  special  significance.  But  it  is  quite  otherwise  with  magnesia.  It  is  of  the  utmost 
importance,  next,  probably,  to  lime;  its  functions  in  the  soil  may  or  may  not  be 
restricted  to  the  neutralization  of  acid,  and  therefore  the  prevention  of  acidity,  and 
the  formation  of  the  zeolitic  silicates.  But  so  long  as  it  is  omnipresent — and  fre- 
quently in  very  large  proportions — it  seems  highly  expedient,  from  the  standpoint  of 
general  scientific  investigation,  to  make  its  determination  an  invariable  practice. 
We  have  no  method  of  separating  potash  from  it  without  so  close  an  approach  to  its 
actual  gravimetric  determination  that,  as  in  the  case  of  alumina,  it  seems  almost 
wantonness  to  omit  to  weigh  it  for  the  sake  of  so  slight  a  saving  of  time.  If  we 
were  to  adopt  the  method  of  Grandeau,  which  precipitates  potash  by  perchloric  acid 
from  a  complex  solution,  there  would  be  better  reason  for  urging  the  abandonment 
of  the  determination  of  magnesia.  Again,  if  the  abridgment  of  labor  be  the  point 
so  essentially  desired,  I  am  at  a  loss  to  see  the  propriety  of  substituting  in  the  deter- 
mination of  the  total  phosphoric  acid  the  sulphuric  acid  method  of  Goss  for  the  one 
•with  nitric  acid,  as  heretofore  practiced.     There  is  no  question  that  the  sulphuric- 
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acid  method  requires  much  more  time  and  atteution  on  the  part  of  the  operator,  and 
it  is  liable  to  a  number  of  accidents  from  which  the  nitric-acid  method  i.s  entirely 
free.  The  only  claim  it  can  make  for  consideration  is  that  it  extracts  the  phos- 
phoric acid  more  completely  in  case  of  the  presence  of  highly  insoluble  compounds, 
such  as  crystallized  vivanite  and  other  phosphate  minerals.  But  it  may  be  seri- 
ously questione  I  whether  the  presence  of  such  minerals  in  the  soil  is  of  any 
''practical"  use  whatever.  I  question  that  it  is  even  of  theoretical  interest  to  the 
investio-ator  of  soils  from  the  agricultural  standpoint,  however  interesting  from  that 
of  the  geologist  or  mineralogist.  As  in  the  case  of  the  use  of  sulphuric  acid  for  the 
determination  of  alumina  in  soils,  it  leads  to  an  overestimate  of  the  soil's  capacity 
to  supply  the  ingredient  sought.  It  stands  on  a  similar  plane  of  utility  as  the  deter- 
mination of  potash  by  means  of  hydrotluoric  acid,  which,  so  far  as  I  can  see,  is 
totally  devoid  of  interest  from  an  agricultural  standpoint.  It  is  not  reasonably  to 
be  supposed  that  any  organic  acid,  not  even  oxalic,  to  the  dilution  in  whicli  It  is 
applied  by  the  plant  is  likely  within  any  time  in  which  we  are  interested  to  go 
beyond  the  action  of  strong  hot  nitric  acid.  I  do  not  think  that  Goss  has  presented 
any  reasons  for  abandoning  the  nitric  acid  digestion  as  a  method  of  determining  the 
phosphoric  acid  in  soils  sutticient  to  justify  the  substitution  therefor  of  his  very 
thorough  and  ingenious  but  troublesome  and  excessively  incisive  method.  When  I 
find  in  Hawaiian  soils  that  yield  to  the  Dyer  solvent  only  0.004  of  P.O.,  by  the  nitric- 
acid  method  nearly  1  per  cent,  it  is  certainly  of  no  practical  interest  to  me  to  know 
that  HCl  will  take  out  of  the  same  soil  nearly  twice  the  amount  that  nitric  acid 
did.  Nor  will  it  be  of  any  practical  interest  to  obtain  still  more  by  means  of  the 
Goss  sulphuric-acid  method. 

The  most  important  step  in  advance  shown  by  Goss's  report,  and  for  which  if  con- 
firmed by  further  experience  the  agricultural  world  will  be  grateful  to  him,  is  the 
substitution  of  dilute  HCl  for  the  determination  of  available  potash  and  phosphoric 
acid  instead  of  the  organic  acids  heretofore  used.  While  I  must  say  that  within 
my  own  experience  thus  far  the  citric-acid  solution  has  given  excellent  results 
whenever  the  neutralization  of  carbonate  of  lime  and  magnesia  in  the  soil  has  pre- 
viously been  properly  observed  so  as  to  render  the  solvent  of  uniform  strength,  yet 
the  much  greater  iaeility  with  which  HCl  may  be  used  in  analytical  operations 
renders  its  use  so  desirable  that  it  must  be  earnestly  hoped  it  will  prove  as  much  of 
a  success  as  now  seems  probable.  The  remarkable  eifect  of  calcium  chlorid,  how- 
ever, causes  me  to  suggest  that  the  etfect  of  neutralization  would  in  the  case  of 
HCl  be  quite  different  from  that  of  citric  acid  so  far  as  potash  is  concerned;  for  in 
many  cases  the  amount  of  calcium  chlorid  formed  by  neutralization  will  greatly 
exceed  in  its  effects  that  of  the  HCl  itself,  and  it  would  therefore  seem  that  as  a 
general  reagent  for  the  determination  of  available  potash  the  latter  is  unavailable 
for  the  great  majority  of  soils. 

The  coiiveution  then  adjourned  until  2  p.  m. 

WEDNESDAY— AFTERNOON  SESSION. 
ELECTION  OF  OFFICERS 

The  committee  on  nominations  presented  the  following  report: 
The  committee  on  nominations  begs  to  present  the  following  names  for  the  several 
elective  offices  of  the  association: 

For  president,  Mr.  A.  L.  Winton,  of  Connecticut;  for  vice-president,  Mr.  K.  C. 
Kedzie,  of  Michigan ;  for  secretary,  Mr.  H.  W.  Wiley,  of  Washington,  D.  C;  for 
members  of  the  executive  committee,  Mr.  M.  A.  Scovell,  of  Kentucky,  and  Mr.  J.  L, 
Hills,  of  Vermont. 

C.  L.  Penny, 
L.  I..  Van  Slyke, 
Elton  Filmek. 
Committei'  on  Xoitiinalions. 
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Upon  motion  the  report  was  accepted. 

Mr.  Bigelow  moved  that  the  Chair  be  instructed  to  cast  the  ballot  of 
the  association  for  the  officers  nominated.  Carried,  and  the  officers 
named  declared  duly  elected. 

VISIT  TO  DEPARTMENT  OF  AGRICULTURE. 

The  President.  The  regular  order  of  business  is  to  proceed  to  the 
Department  of  Agriculture,  as  arranged.  Before  doing  so,  however,  I 
desire  to  uame  the  committee  to  confer  with  the  committee  from  the 
Association  of  Agricultural  Colleges  and  Experiment  Stations  on  the 
subject  of  fertilizers.  In  the  appointments  I  have  tried  to  secure  as 
wide  representation  of  the  different  sections  of  the  country  as  possible, 
and  name  as  the  committee  to  represeut  this  association  Messrs.  Wiley, 
of  Washington,  D.  C. ;  Kilgore,  of  Mississippi;  Huston,  of  Indiana; 
McDonnell,  of  Maryland,  and  Eoss,  of  Alabama. 

The  convention  thereupon  adjourned  to  visit  the  Department  of 
Agriculture. 

The  members  of  the  association  visited  first  the  chemical  laboratory, 
where  they  inspected  the  methods  of  sugar-beet  analysis  and  the  polari- 
metric  room.  The  methods  of  mounting  and  adjusting  the  standard 
instruments  and  of  illuminating  their  scales  were  studied.  The  opera- 
tion of  the  bomb  calorimeter  for  the  combustion  of  bodies  in  a  coni- 
l)ressed  atmosphere  of  oxygen  was  illustrated.  The  members  then 
proceeded  to  the  office  of  the  Secretary  of  Agriculture  and  were  most 
cordially  received  by  the  Secretary  in  his  office. 


TTHIRD    DAY. 

THURSDAY— MORNING  SESSION. 

Called  to  order  at  9.30.  No  member  of  the  committee  on  recommen- 
dations being  i>resent,  the  regular  order  was  postponed  and  the  Chair 
called  for  the  report  on  foods  and  feeding  stuffs. 

Mr.  Liudsey  read  the  report,  as  follows: 

REPOKT  ON  CATTLE  PEEDS. 

By  J.  B.  LiNDSEY. 

I. 

Estimation  of  Starch. 

Among  the  so-called  standard  methods  for  the  estimation  of  starch  may  be  men- 
tioned those  of  Sachsse,  Miircker,  Eeinke,  Ashoth,  Gaichard,  Baudry,  and  the  diastase 
methods.  Most  of  these  methods  give  fairly  concordant  results  when  the  substance 
examined  contains  no  other  carbohydrates  than  pure  starch.  Stone  ^  has  shown,  how- 
ever, that  when  the  most  of  these  methods  are  employed  on  materials  containing  a 
variety  of  carbohydrates,  very  ditferent  starch  percentages  result.  Sachsse's  method, 
which  consists  in  boiling  the  substance  directly  with  dilute  hydrochloric  acid,  is  recom- 
mended by  the  Association  of  Official  Agricultural  Chemists  for  use  only  in  estimat- 
ing the  starch  content  of  commercial  starch  and  potatoes.  The  other  methods 
which  have  seemed  best  adapted  for  the  estimation  of  starch  in  agricultural  products, 
are  the  diastase  and  the  Miircker  methods ;  also  the  Miircker  method  as  modified  by 
Reinke. 

A  year  ago  your  referee  compared  the  diastase  and  Miircker  methods  without 
securing  any  very  decisive  results,  consequently  both  were  adopted  by  the  A.  O.  A.  C. 
as  provisional  methods  until  further  investigations  could  be  made. 

The  work  on  starch  this  year  consisted  in  comparing  the  diastase,  ^Miircker,  and 
salicylic-acid  or  Baudry  modified  methods  on  three  different  substances.  Our  prin- 
cipal object  in  testing  the  Miircker  method  was  to  note- whether  heating  for  one-half 
hour,  under  3  atmospheres  in  one-tenth  of  1  per  cent  tartaric-acid  solution,  would 
exert  any  solvent  action  on  carbohydrates  other  than  starch.  The  Keinke  modifica- 
tion of  the  Miircker  method  consists  in  omitting  the  diastase  treatment,  using  one-half 
of  1  per  cent  lactic  acid,  and  in  heating  for  two  and  one-half  hours  under  3^  atmos- 
pheres. We  preferred  to  test  the  original  Miircker  method,  feoliug  sure  that  the  Reinke 
modification  would  have  a  greater  solvent  action  than  the  method  originally  brought 
forward  by  Miircker.     The  methods  as  sent  out  were  described  as  follows: 

I.    DIASTASE   method. 

Exhaust  3  to  5  grams  of  substance  with  ether,  and  treat  the  residue  in  a  beaker 
with  50  cc  of  10  per  cent  alcohol  for  one-half  hour  with  fre(|nent  stirrings,  filter, 
and  wash  with  strong  alcohol.  Bring  the  dried  residue  into  a  beaker  with  50  cc  of 
water,  immerse  beaker  in  a  boiling-water  bath,  stirring  contents  coustautly  until 
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all  the  starch  gelatinizes;  cool  to  55°  C,  add  20  cc  of  malt  extract,  and  maintain 
at  this  temperature  iiiitil  the  solution  no  longer  gives  the  starch  reaction  with  iodin. 
Filter  into  a  10  ounce  flask,  wash  until  the  filtrate  amounts  to  200  cc,  add  20  cc 
of  25  per  cent  hydrochloric  acid  (sp.  gr.  1.125),  connect  with  a  reflux  condenser  and 
heat  in  a  hoiling- water  hath  for  two  hours,  cool,  and  when  lukewarm  neutralize 
carefully  with  NasCOs  (avoiding  excess),  and  make  up  to  500  cc.  Mix  Avell,  pour 
through  a  dry  Alter,  and  determine  dextrose  in  an  aliquot  part  hy  Allihn's  method. 
Convert  dextrose  into  starch  hy  the  factor  0.9. 

II.  maecker's  methoo. 

Free  3  to  5  grams  of  substance  from  fat  and  water  soluble  material  by  use  of  ether 
and  10  per  cent  alcohol,  as  described  under  diastase  method.  Dry  the  residue,  powder, 
and  bring  into  a  Linter  pressure  bottle  (if  Soxhlet  digester  is  not  at  hand)  with 
50 cc  of  water;  immerse  bottle  in  a  boiling- water  bath  until  the  starch  gelatinizes, 
stirring  constantly,  cool  to  55°  C;  add  10  cc  of  malt  extract  and  maintain  at  this 
temperature  for  one  hour.  Now  add  5  cc  of  a  1  per  cent  tartaric  acid  solution,  and 
heat  at  140°  C.  for  one-half  hour  (or  in  autoclave  at  3  atmospheres  one-half  hour), 
or  110°  C.  for  one  hour;  cool  to  55°  C. ;  add  10  cc  of  malt  extract,  and  maintain  at 
this  temperature  until  the  solution  no  longer  gives  the  starch  reaction  with  iodin. 
Filter  through  linen,  using  suction,  into  a  10-ounce  flask,  and  wash  with  water  until 
the  filtrate  amounts  to  200  cc,  then  add  20  cc  of  25  per  cent  hydrochloric  acid  and 
proceed  as  in  the  diastase  method. 

Preparation  of  malt  extract. 

Digest  10  grams  of  fresh,  finely  ground  malt  over  night  at  laboratory  temperature 
with  200  cc  of  water,  and  filter.  Determine  the  amount  of  dextrose  in  a  given  quan- 
tity of  the  filtrate  by  boiling  with  acid,  etc.,  as  in  the  determination  of  starch. 

III.    BAUDRY   MODIFIED   OR   SALICYLIC   ACID   METHOD. 

Free  3  to  5  grams  of  substance  from  fat  and  water  soluble  material  as  already  des- 
cribed. Bring  the  dried  and  pulverized  residue  into  a  beaker  with  100  cc  of  water,  in 
which  is  dissolved  ir  gram  salicylic  acid,  and  heat  the  beaker  in  a  boiling  water  bath 
with  constant  stirring,  until  the  starch  is  rendered  soluble  (10  to  15  minutes).  Now 
filter  quickly  through  linen,  using  suction,  Avash  with  hot  water  to  the  volume  of 
200  cc,  add  20  cc  of  25  per  cent  hydrochloric  acid,  and  proceed  as  under  the  diastase 
method. 

Some  time  after  the  samples  necessary  for  testing  these  three  methods  were  sent 
out,  Mr.  H.  W.  Wiley  kindly  sent,  at  our  request,  a  description  of  a  method  employed 
in  his  laboratory  for  the  estimation  of  starch.  We  compared  this  with  the  other 
three  methods. 

IV.    WILEY'S   METHOD. 

Extract  the  fat  from  3  grams  of  the  material,  dry  the  residue  and  digest  for  two 
and  one-half  hoars,  at  3|  atmospheres,  in  an  autoclave,  with  ^  gram  salicylic  acid  and 
50  cc  of  water.  After  cooling,  make  up  to  250  cc,  filter,  and  invert  200  cc  of  the 
filtrate  in  a  500  cc  flask  with  15  cc  of  hydrochloric  acid  (sp.  gr.  1.125)  for  two  and 
one-half  hours  at  100°  C.  Neutralize  exactly  with  sodium  carbonate,  cool,  make  up 
to  500  cc,  and  determine  the  dextrose  in  25  cc  by  Allihn's  method. 

The  three  samples  sent  out  were  corn  meal,  wheat  middlings,  and  lupine  seeds,  each 
ground  sufticiently  fine  to  pass  a  ^  mm  sieve.  The  corn  meal  contained  no  other 
known  carbohydrate  than  starch,  excepting  small  amounts  of  cellulose.  The 
Avheat  middlings  contained,  in  addition  to  a  moderate  amount  of  starch,  liberal 
quantities  of  pentosans.  The  lupine  was  known  to  contain  pentosans  and  galac- 
tan — both  hemicelluloses — in  addition  to  very  small  or  questionable  amounts  of 
starch.  The  presence  of  starch  alone  in  one  substance,  of  starch  and  pentosans  in 
a  second,  and  of  starch,  pentosans,  and  galactan  in  a  third,  would  certainly  present 
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conditions  suitable  for  testing  the  accuracy  of  the  three  methods.     We  present  first 
the  results  obtiiined  in  our  own  Lihoratory. 

Table  I. — Results  ivith  different  methods  of  estimating  starch. 


Method.s. 

Per  cent  of  starch 

in- 

Corn  meal. 

Wheat 
middlings. ! 

Lupine 
seed. 

62.53 
65.54 
57.  02 
68.04 

19.38  ' 
26.84 
19.  03  i 
34.00  ! 

1 

2.11 

Miircker 

14  68 

Salicylic 

6.21 

Wilev   

16.41 

It  will  be  observed  that  both  the  Miircker  and  Wiley  methods  yield  higher  results 
than  the  diastase  method.  This  is  except ionally  noticeable  in  the  case  of  the  wheat 
middlings  and  lupine,  which  contain  other  carbohydrates  than  starch.  The  salicylic 
method  gave  lower  results  than  the  diastase  in  case  of  the  corn  meal,  about  the 
same  for  wheat  middlings,  and  higher  for  the  lupine.  We  are  naturally  led  to  inquire 
the  cause  of  these  diiierences.  It  would  seem  at  least  possible  that  one  or  both  of 
the  hemicelluloses  had  been  attacked  by  the  action  of  the  several  atmospheric  pres- 
sures.    The  data  throwing  light  on  this  point  will  be  found  in  Tables  II  and  III. 

Table  II. — Total  pentosans,  and  pentosans  present  after  starch  extractions. 


Suhstance.  Corn  meal. 


"Wheat     I    Lupine 
middlings.       seeds. 


Per  cent.  Per  cent.    I  Per  cent. 

Total  pentosans 6.  02  20.  51  9.  94 

Pentosans  after  dilute  alcohol  treatment 5.  69  18.  30  9.  73 

Pentosans  after  dilute  alcohol  and  diastase  treatment 4.97  17.14  8.75 

Pentosans  after  dilute  alcohol  and'  Marcher  treatment 3.  70  12. 04  5.  58 

Pentosans  after  dilute  alcohol  and  Wiley  treatment .29  1.26  1.38 

We  first  determined  the  total  pentosans  in  each  of  the  three  substances,  and  also 
after  these  substances  had  been  treated  with  the  dilute  alcohol  Sfduiion  for  the 
removal  of  water-soluble  carbohydrates.  A  slight  decrease  in  the  pentosan  per- 
centages is  noted  as  a  result  of  this  preliminary  treatment.  After  corn  meal  had 
been  subjected  to  diastase  treatment  for  the  removal  of  the  starch,  the  percentage 
of  pentosans  decrea-sed  from  5.69  to  4.97,  or  a  percentage  loss  of  12.6.  A  consider- 
able length  of  time  (four  hours)  was  required  to  remove  all  of  the  starch  from  the 
corn.  It  is  possible  that  the  solvent"  action  of  the  water  at  55-^  C.  was  in  a  measure, 
or  entirely,  resjionsible  for  this  decrease  rather  than  the  action  of  the  diastase.  The 
Miircker  method  caused  a  decrease  of  from  5.69  to  3.7,  or  35  per  cent,  while  in  remov- 
ing the  starch  by  the  Wiley  method  practically  all  of  the  pentosans  were  also 
removed.  The  wheat  middlings  show  a  percentage  pentosan  decrease  of  6.3  by  the 
diastase,  34.2  by  the  Miircker,  and  93  by  the  Wiley  method.  In  case  of  the  luiiine, 
a  percentage  decrease  is  noted  of  10,  42.7,  and  85.8  by  the  diastase,  Miircker,  and 
Wiley  methods,  respectively. 

Table  III. —  Total  galactan,  and  galactan  present  after  starch  extraction. 

Substance.  I    L"Pine 


Per  cent. 

Total  galactan 14.  87 

Galactan  after  dilute  alcohol  treatment 12.  25 

Galactan  after  dilute  alcohol  and  diastase  treatment 9.  36 

Galactan  after  dilute  alcohol  and  Miircker  treatment 1.16 

Galactan  after  dilute  alcohol  and  Wiley  treatment '  0. 33 
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In  case  of  the  lupine,  which  contained  a  considerable  percentage  of  galactan,  the 
dilute  alcohol  treatment  was  found  to  remove  nearly  18  per  cent  of  the  entire 
amount.  Of  the  remaining  quantity,  the  diastase  treatment  removed  23.7  per  cent 
and  the  Marcker  and  Wiley  treatments  from  90  to  97  per  cent.  Galactan,  in  the 
lupine  at  least,  seems  to  yield  rather  more  easily  than  do  the  pentosans  to  the  action 
of  the  various  solutions. 

We  have  then  positive  reasons  for  the  higher  starch  percentages  yielded  by  the 
Marcker  and  Wiley  methods  above  those  obtained  with  the  diastase  method.  It 
seems  established  that  the  several  atmospheric  pressures  render  a  considerable  por- 
tion of  these  hemicelluloses  soluble,  or  possibly  even  partially  destroy  them.  The 
Wiley  method  acts  more  severely,  because  of  the  increased  length  of  time  during 
which  the  substances  are  under  pressure. 

If  the  Marcker  method  act  thus  on  the  hemicelluloses,  it  is  safe  to  assume  that 
the  Reinke  modification  would  exert  a  severer  action.  In  fact,  Miircker'  says:  "The 
Eeinke  method  may  give  perphaps  too  high  results;  but,  on  the  other  hand,  the 
Marcker  method  yields  positively  too  low  results."  He  makes  emphatic,  however, 
that  "the  Reinke  method  is  to  be  used  only  for  those  materials  which,  during  the 
manufacturing  process,  are  subjected  to  high  pressures;  it  yields  at  least  3  per  cent 
too  high  results  for  all  other  conditions."  The  diastase  method  is  now  recommended 
and  used  by  Marcker  for  the  estimation  of  starch  in  fodders.  The  substances  caus- 
ing the  high  results  in  case  of  the  pressure  methods  he  does  not  state,  but  simply 
refers  to  them  as  "nicht  Starke,"  i.  e.,  substances  not  starch.  This,  at  least,  leaves 
one  to  assume  that  the  pressure  acts  partially  on  the  cellulose  and  partially  on  other 
carbohydrates  not  specified. 

In  view  of  the  facts  presented,  we  feel  bound  to  condemn  for  the  estimation  of 
starch  the  Marcker,  Reinke,  and  Wiley  methods.  It  seems  probable  that  any  method 
requiring  the  substance  to  be  subjected  to  pressure  would  be  included  in  this  con- 
demnation. The  fact  is  not  overlooked,  however,  that  in  the  diastase  method  either 
the  diastase  or  the  water  exercises  a  slight  solvent  action  on  the  hemicelluloses, 
which  probably  tends  to  increase  the  percentage  of  true  starch.  In  the  following 
table  are  given  the  results  obtained  by  different  analysts  with  the  diastase,  Marcker 
and  salicylic  methods: 

Tablk  IV. — Results  obtained  hy  other  chemists. 


1.  Corn  meal. 

2.  Lupine  seed. 

3.  Wheat  middlings. 

Analysts. 

u 

1 

II 

•rH    <C 

J2 

* 

Jo 

0 

35 

^3 

II 

a 
if 

ll 

o 

is 

W.  H.  Krug,  TJ.  S.  Dept.  of  Agr  . 

0.  W.  Knight,  Me.  Exp.  Sta 

C.  D.  Howard,  N.  H.  Exp.  Sta  . . . 
C.  A.  BrowB,  jr.,  Penn.  Exp.  Sta. 

C.  H.  Jones,  V t.  Exp.  Sta 

H.C.  Sherman, Columbian  Univ. 

Perct 
69.28 
61.47 
65.19 
67.15 
61.17 
67.79 
62.53 

Per  ct. 
71.34 

Per  ct. 

Perot. 
2.58 

None. 
2.43 
2.40 
1.64 



Per  ct. 

16.79 

Per  ct. 
7.51 

Per  et. 
130.94 
115.89 
20.46 
21.01 
20.14 
21.00 

Per  ct. 
135.58 

Per  ct. 
19  11 

i 

68.30 

62.98 
55.68 
67.68 

11.63 
1.21 

24.68 

125.00 
17.00 
22.18 

E.  B.  Holland,  Mass.  Exp.  Sta. . . 

65.  54     57.  02 

2.11 

14.68 

6.21 

19.  38       26.  84 

19.05 

Average    .... ... 

64.94 

68.39     ."ift  17 

2.23 

15.73 

20.4          25  76 

19.3 

1  Excluded  from  average. 

While  wide  variations  occur  in  the  figures  presented  by  different  analysts,  they, 
nevertheless,  make  emphatic  the  conclusions  drawn  from  our  own  work.  In  the 
results  obtained  with  corn  meal,  three  analysts  secured  by  the  disastase  method 
61.72  per  cent  of  starch,  three  others  68.07  per  cent,  and  one  65.19  per  cent.     It  is  to 
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be  confessed  that  these  difterences  are  difficult  to  exphiin.  The  writer  endeavored 
to  obtain  all  of  the  data  necessary  for  recalculation,  but  was  only  partially  suc- 
cessful. Very  few  chemists  undertook  the  Miircker  method,  not  possessing  an  auto- 
clave. For  the  corn  meal  the  average  results  hj  this  method  are  higher  than  those 
obtained  by  the  diastase  method,  while  with  the  salicylic  method  the  results  are 
lower.  In  case  of  the  lupine,  six  analysts  employing  the  diastase  method  find  but 
very  small  percentages  of  starch,  while  the  Miircker  method  shows  16  per  cent. 
With  wheat  middlings  five  chemists  employing  the  diastase  method  obtained  very 
encouraging  results,  one  too  low,  and  one  evidently  too  high.  The  Miircker  method 
again  yields  high  figures,  while  the  salicylic  acid  agrees  fairly  well  with  the  diastase 
method. 

REMARKS. 

The  differences  in  the  percentage  of  starch  secured  by  different  analysts  may  be 
accounted  for  as  follows : 

In  the  description  of  the  method  sent  out,  it  was  advised  to  free  the  substance 
from  water-soluble  material  by  treatment  for  one-half  hour  in  a  beaker  with  50  cc  of 
10  per  cent  alcohol,  stirring  frequently.  We  found  later  that  this  method  did  not 
seem  to  remove  all  of  the  soluble  material,  so,  in  our  case,  the  substance  was  brought 
on  a  filter  and  washed  Avith  1.50  cc  of  10  per  cent  alcohol. 

Secondly,  some  analysts  might  not  have  correctly  calculated  the  amount  of  dex- 
trose to  be  deducted-for  the  malt  solution.  In  the  third  place,  the  methods  employed 
for  reducing  the  copper  might  have  caused  variations.  It  is  believed  a  particular 
method  should  have  been  specified.  At  first  we  reduced  the  coj^per  in  hydrogen,  but 
experienced  some  trouble  because  the  metal,  on  its  removal  from  the  stream  of  hydro- 
gen, after  it  had  become  cool,  immediately'  oxidized  on  the  surface  and  increased  in 
Aveight.  We,  therefore,  substituted  a  stream  of  dry  oxygen,  and  weighed  as  copper 
oxid,  with  highly  satisfactory  results.  A  few  comparative  tests  on  a  1  per  cent 
solution  of  pure  dextrose  gave  results  in  favor  of  the  oxidation  method.  We  pro-  " 
pose  to  still  further  investigate  this  j)oint.  Again,  the  substances  should  have  been 
ground  finer.  They  were  all  passed  through  a  one  half  mm  sieve,  but  we  l)elieve 
they  should  have  been  ground  to  near  a  ]}Owder,  in  order  to  allow  the  diastase  to 
do  thorough  Avork. 

The  salicylic  or  modified  Baudry  method  has  a  teudency  to  give  low  results  when 
employed  on  substances  containing  high  starch  percentages,  because  of  the  difficulty 
experienced  in  getting  all  of  the  starch  into  solution.  Fine  grinding  may,  in  a  meas- 
ure, overcome  this  difficulty.  Again,  it  is  difficult  to  know  how  long  the  hot  sali- 
cylic acid  solution  can  be  left  in  contact  with  the  substance,  because  of  its  tendency 
to  attack  both  the  pentosans  and  the  galactan.  (Note  the  results  obtained  with  the 
lupine  in  Table  IV.) 

RECOMMENDATION. 

We  recommend  that  the  diastase  method  be  declared  the  provisional  method  of 
the  A.O.A.C.  for  the  estimation  of  starch  in  all  substances,  excepting  in  commercial 
starch  and  in  potatoes. 

Diastase  method. 

Extract  from  2  to  5  grams  of  the  finely  powdered  substance  with  ether,  bring  the 
extracted  residue  onto  a  filter,  or  into  a  Gooch  crucible,  and  wash  with  1.50  cc  of  10 
per  cent  alcohol,  and  then  with  a  little  strong  alcohol.  Place  the  residue  in  a  beaker 
Avith  50  cc  of  water,  immerse  the  beaker  in  a  boiling  water  bath,  and  stir  constantly 
until  all  of  the  starch  is  gelatinized;  cool  to  55-  C. ;  add  from  20  to  40  cc  of  malt, 
extract  and  maintain  at  this  temperature  until  the  solution  no  longer  gives  the 
starch  reaction  without  iodin.  Cool  and  make  up  directly  to  250  cc ;  filter;  bring 
201)  cc  of  the  filtrate  into  a  lO-ounce  fiask  with  20  cc  of  25  percent  hydrochloric  acid 
(sp.  gr.  1.125);  connect  with  a  refiux  condenser  and  heat  in  a  boiling-water  bath  for 
two  hours;  exactly  neutralize  while  hot  with  sodium  carbonate,  avoiding  excess, 
and  make  u])  to  500  cc.  Mix  the  solution  well,  pour  through  a  dry  filter,  and  deter- 
mine the  dextrose  in  an  ali<|Uot  ]>art  by  Allihn's  method,  pages  53-57,  No.  4(i.  Con- 
vert the  dextrose  into  starch  by  the  factor  0.90. 
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Percentages  or  Pentosans  and  Galactan  in  Ordinary  Cattle  Feeds. 

We  desire  at  this  point  to  call  the  particular  attention  of  chemists  to  the  very 
general  distribution  of  the  pentosans  and  to  the  extent  of  the  galactan  in  agricul- 
tural plants  and  seeds.  If  methods  where  pressure  is  employed  for  the  determina- 
tion of  starch  do  render  soluble  a  considerable  portion  of  those  other  carbohydrates, 
it  is  evident  that  their  value  must  be  exceedinglj'  limited.  The  percento.ges  of  pen- 
tosans and  galactan  in  various  feeds  are  indicated  in  the  tables  given  below: 


Table  V — Pentosans. 
[Partly  our  OTvn  work,  partlj^  compiled.] 


Cattle  feeds. 


Hay  of  Tarious  grasses 

Hay  of  salt  grasses 

E,ye  straw 

Wheat  straw 

Barley  straw 

Oat  straw 

Pea  straw 

Corn  stover 

Clover  hays 

Corn  meal 

Whole  oats 


Per  cent,  j 

15-22, 

24-28 

24.  8i 

26.50 

24.47 

24.84 

17.11 

1.5-22 

11-15 

'          6. 02 

1.5.55 

Cattle  feeds. 


Percent. 


Wheat  meal I  8.78 

Soy  bean  meal 5.12 

Wheat  bran ]  5-29 

Brewers'  grains 24-30 

Corn  cobs !        31.  34 

Linseed  meals I        13.  49 

Gluten  feed !        17. 16 

Gluten  meal |  4.  50 

Diied  distillery  feed  (atlas  gluten  feed) -I        13 

Rape  cake I    5-08 

Sugarbeets '     9-12 


Table  VI. — Galactan. 
[Determined  by  E.  B.  Holland.] 


Cattle  feeds. 


COARSE  FODDER. 


English  hay 

High  grown  salt  hay 

Black  grass  

Corn  stover 

Oat  straw ...» 

Eye  straw 

Eodder  millet 

Canada  beauty  psa  fodder 
Medium  red  clover  Jodder. 

Alsike  clover  fodder 

Mammoth  clover  fodder. . . 


CONCEXTR.\TED  FEEDS. 


Corn  meal 

Wheat  meal . 

Oat  meal 

Barlejr  meal 

Wheat  bran 

Millet  meal 

Linseed  meal 

Cotton-seed  meal 

Rice  meal 

Rape  seed 

Brewers'  grain 

Malt  sprouts , 

Dwarf  horticultural  bean 


^^1^«-    'Galactan, 
tose. 


Per  cent. 

1.01 

.93 

.71 

.70 

.81 

.63 

.95 

3.09 

3.73 

4.25 

3.77 


.05 
.23 

.81 


Per 


.55 

.43 

.67 

1.31 

.63 

1.04 

L07 

.56 

.43 

.68 

cent. 

0.91 

.84 

.64 

.68 

.73 

.57 

.86 

2.78 

3.36 

3.33 

3.39 


.05 
.21 
.73 
.50 
.39 
.60 
1.15 
.57 
.94 


Cattle  feeds. 


CONCENTRATED  FEEDS— COn'd. 

Green  soja  bean 

Black  soja  bean 

Bush  lima  l)ean 

Pole  lima  bean 

Black  wax  bean  (dwarf) 

White  pot  bean 

Horse  bean 

Canada  beauty  pea 

Prussian  blue  pea 

English  graj^  pea 

-Little  gem  pea 

Wonder  pea 

Pea  meal 

Vetch  seed 

Serradilla  seed 

Medium  red  clover  seed 

Mammoth  clover  seed 

Crimson  clover  seed 

Alsike  clover  seed 

Sweet  clover  seed 

White  clover  seed 

Alfalfa  seed 

White  lupine  seed 

Blue  lupine  seed 


Galac- 
tose. 


Per  cent. 
0.67 


Galactan. 


Per  cent. 
0.60 


.92 

.85 

.79 

.71 

.66 

.59 

.52 

.47 

.53 

.48 

1.83 

1.65 

.63 

.57 

.  75 

.68 

.84 

.76 

L16 

1.64 

1.62 

1.46 

2.09 

2.42 

1.17 

1.05 

.GO 

..59 

2.  77 

2.49 

3.63 

3.27 

3.49 

3.14 

6.96 

8  03 

6.00 

5  40 

10.  08 

9.07 

5.23 

4.71 

13.84 

12  46 

16.29 

14.66 
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Many  of  the  substances  tested  sbow  less  than  1  jier  cent  of  galactan,  and  we  are 
not  certain  in  many  cases,  hecause  of  the  small  amonnt  of  precipitate  obtained, 
whether  the  material  weighed  reall}^  was  rancic  acid  or  i>artially  decomposed  organic 
matter.  All  substances,  therefore,  containing  less  than  1  per  cent  of  galactan  may- 
be for  the  present  characterized  as  doubtful.  To  settle  the  question  of  the  presence 
or  absence  of  very  small  amounts  of  galactan,  we  shall  either  be  obliged  to  still 
further  perfect  the  method  or  work  with  larger  quantities. 

The  results  as  given  above  show  the  presence  of  very  small  amounts  of  galactan  in 
the  nonleguminous  coarse  fodders  and  seeds.  In  the  leguminous  plants  from  3  to  4 
per  cent  are  i^resent,  while  in  case  of  the  leguminous  seeds,  several  varieties  of  beans 
and  i^eas  appear  to  contain  very  limited  quantities,  but  the  "larger  number  of  such 
seeds  tested  shows  from  1|  to  as  high  as  14  per  cent.  With  the  exception  of  the 
lupines,  the  clover  seeds  contain  the  largest  amounts,  the  seeds  of  the  white  variety 
containing  9  per  cent. 

Tlie  above  results  are  merely  a  re^iort  of  progress.  They  show,  however,  that  the 
galactans  are  not  so  widely  distributed  nor  present  in  such  large  quantities  as  are 
the  pentosans,  and  therefore  do  not  play  such  an  important  part  as  do  the  latter  in 
the  process  of  nutrition. 

The  data  in  tlie  following  table  show  the  relations  existing  between  the  known 
and  unknown  nitrogen-free  matters  in  some  common  substances: 

Difference  heticeen  estimated  carbohydrates  and  extract  matter. 


Substances. 


Corn  meal.    Middlings.    Lujune. 


I    Per  cent. 

ytaixli  (diastase  method) !  Gi.Oi 

Pentosans  (phloroglncin  method) 5.  67 

Galactan I  None. 

Total j  70.  61 

Extract  matter |  83.  35 

Soluble  carbohydrates  and  unaccounted  for !  D .  74 

Allowing  for  soluble  carbohydrates '  3.  00 

Still  unaccounted  for - .  |  8.  74 

Percentage  of  total  extract  unaccounted  for 10. 60 


Per  cent.  Per  cent. 

20.40  I            2.23 

19.50  '   ■         9.54 

None.  14. 87 


39.  90 

58.72  i 


26.64 
40.38 


18.82 
3.00 


13.74 
3.00 


15.82 
26.90 


10.74 
26.  CO 


Stone'  has  already  called  attention  to  this  fact.  Of  the  cause  of  this  difference 
we  are  at  present  ignorant.  A  portion  of  it  can  possibly  be  accounted  for  because 
of  imperfect  methods  ibr  the  estimation  of  carbohydrates.  In  materials  of  a  woody 
nature,  containing  large  amounts  of  crude  fiber,  it  is  known  that  the  action  of  dilute 
acid  and  alkali  removes  a  considerable  portion  of  the  lignin  acids  so  that  they  are 
reckoned  with  the  e.Ktract  matter.  It  seems,  however,  quite  probable  that  other 
carbohyiTrates  or  similar  substances  exist,  which  have  not  as  yet  been  identified. 

Estimation  of  Pentosans. 

Councler-  has  suggested  that,  instead  of  phenylhydrazin,  phloroglncin  be  employed 
for  the  precipitation  and  estimation  of  furfurol  obtained  by  the  distillation  of  various 
substances,  with  dilute  hydrochloric  acid.  Kruger  and  Tollens  >  ha\"e  further  studied 
and  perfected  the  method,  and  recommended  it  as  reliable  for  the  estimation  of 
pentosans  in  various  coarse  fodders,  grains,  and  vegetables. 

The  phloroglncin,  like  the  phenylhydrazin  method,  is  l)ased  on  the  fact  that  the 
pentosans  (araban,  xylan,  etc.)  differ  from  other  carbohydrates  in  that  they  yield 
furfurol  instead  of  levulinic  acid,  upon  digestion  with  moderately  dilnte  hydro- 
chloric or  snlphuric  acid.     The  lirst  step  necessary'  in  both  processes,  for  a  quant ita- 


1  Journal  of  Am.  Chemical  Society,  Vol.  XIX,  4. 

2Chemikerztg.,  1894,  No.  51. 

^Zeitsch.  fiir  ang.  Chem.,  1896,  Heft  II. 
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five  estimation,  is  the  couversion  of  tlie  pentosans  into  furfurol  and  its  separation 
from  the  resulting  hy-products. 

On  account  of  its  greater  simplicity,  the  phloroglucin  method  is  to  be  preferred. 
We  considered  it  advisable,  therefore,  still  further  to  compare  the  two  methods 
with  substances  containing  different  quantities  of  pentosans. 

PHLOROGLUCIN   METHOD   DESCRIBED. 

Three  grams  of  the  material  are  brought  into  a  10-ounce  flask,  together  with 
100  cc  of  12  per  cent  hydrochloric  acid  (sp.  gr.,  1.06),  and  several  pieces  of  recently 
heated  pumice  stone.  The  flask,  placed  upon  wire  gauze,  is  connected  with  a 
Liebig  condenser,  and  heat  applied,  rather  gently  at  first,  using  a  gauze  top  to 
distribute  the  flame,  and  so  regulated  as  to  distill  over  30  cc  in  about  ten  minutes 
from  the  time  that  boiling  begins.  The  30  cc  driven  over  are  replaced  by  a  like 
quantity  of  the  dilute  acid,  by  means  of  a  separatory  funnel,  and  the  process  so  con- 
tinned  so  long  as  the  distillate  gives  a  pronounced  reaction  with  anilin  acetate  on 
filter  paper  (a  few  drops  of  anilin  in  a  little  50  per  cent  acetic  acid).  To  the  com- 
pleted distillate  is  gradually  added  a  quantity  of  phloroglucin '  dissolved  in  12  per 
cent  hydrochloric  acid,  and  the  resulting  mixture  thoroughly  stirred.  The  solution 
first  turns  yellow,  then  green;  and  very  soon  an  amorphous  greenish  precipitate 
appears,  which  grows  rapidly  darker  till  it  finally  becomes  almost  black.  The  solu- 
tion is  made  up  to  500  cc  with  12  per  cent  hydrochloric  acid,  and  allowed  to  stand 
over  night.  In  case  there  is  very  little  furfurol  in  the  substance  tested,  and  the 
resulting  distillate  consequently  small,  it  is  best  to  add  sufficient  12  per  cent  hydro- 
chloric acid  to  the  distillate  before  adding  the  jjhloroglucin  solution,  so  that,  upon 
the  addition  of  the  latter  solution,  the  resulting  mixture  will  contain  approximately 
500  cc. 

The  amorphous  black  precipitate  is  filtered  into  a  tared  Gooch  crucible  through  an 
asbestus  felt,  washed  with  100  cc  of  water,2  dried  to  coustant  weight  by  heating  thr.-e 
to  four  hours  at  100°  C,  cooled  and  weighed,  the  increase  in  weight  being  reckoned 
as  phlorogiucid.  To  calculate  the  furfurol  from  the  phloroglucid,-^  use  the  following 
table : 

Calculation  of  furfurol. 


Total  weight  of  phloro- 
giucid obtained. 

Divided  '• 
by,      1 
equals 
furfurol. : 

Divided 
Total  weight  of  phloro-            by, 
glucid  obtained.                equals 
furfurol. 

0.  20  gram 

1.820 
1.839 
1.856 
1.871 
1.884 
1.895 
1.904 

0.34  gram 1.911 

0.36gram '       1.916 

0.38  gram 1.919 

0. 40  gram           1. 920 

0.  24  gram 

0. 26  gram 

0.45gram '      1.927 

0.  50  +  gram '       1.  930 

0.30  gram 

0.32  gram 

Furfurol -;- by  grams  substance  taken  X  1.84  =  pentosans. 
Furlurol  -i-  by  grams  substance  taken  X  l.GS^xylan. 
Furfurol  ^  by  grams  substance  taken  X  2.03  =  araban. 


1  Dissolve  twice  as  much  dry  phloroglucin  as  furfurol  expected  in  about  50  cc  of  12 
per  cent  hydrochloric  acid.  Bring  the  hydrochloric  acid  into  a  water  bath,  and  stir 
thoroughly  1  ill  the  phloroglucin  goes  into  solution. 

2  By  allowing  the  suction  pump  to  work  for  some  time  after  the  filtration  is  com- 
pleted, the  drying  is  greatly  facilitated. 

■'The  phlorogiucid  is  a  complex  substance,  of  uncertain  formula.  It  contains  63 
to  64  per  cent  of  carbon  and  from  3.6  to  4.2  per  cent  of  hydrogen.  The  factors  for 
calculating  the  amount  of  furfurol  from  the  phlorogiucid  were  obtained  after  experi- 
menting with  known  amounts  of  pure  furfurol  and  phloroglucin. 
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Proceed  exactly  as  in  the  pliloroj^lucin  method  until  all  of  the  furfurol  is  distilled 
over.  Pour  the  combined  distillates  into  a  700  to  800  cc  beaker.  If  the  distillates 
be  less  than  400  cc,  add  10.2  grams  of  sodium  chlorid  for  each  50  cc  less  than  that 
volume,  and  complete  the  volume  with  water  to  400  cc.  Neutralize  exactly  with 
sodium  carbonate,  covering  the  beaker  with  a  watch  glass  during  the  process,  and 
make  up  to  500  cc;  add  10  cc  of  pheuylhydrazin '  solution,  precipitating  the  fur- 
furol as  furfurol  hydrazone.-  Stir  thirty  minutes,  preferably  Avith  an  automatic 
stirrer,  and  filter  the  solution,  using  the  necessary  suction,  into  a  so-called  sugar 
tube  about  three-quarters  inch  in  diameter  and  6  to  7  inches  long,  drawn  out  at  the 
lower  en<l  and  filled  with  glass  wool.  Eemove  the  adhering  particles  with  a  feather, 
and  do  not  use  over  100  cc  of  wash  water.  The  drying  can  be  very  much  hastened  by 
allowing  the  filter  pumi»  to  run  for  some  time  after  the  washing  has  been  completed. 

Complete  the  drying  in  a  specially  constructed  air  l)ath "  at  55^  C.  To  accomplish 
this,  a  partial  vacuum  is  made  by  drawing  air  through  the  tube  by  aid  of  a  suction 
pump,  the  air  supply  being  regulated  by  pinchcocks.  The  air  before  entering  the 
tube  is  conducted  through  sulphuric  acid  to  dry  it,  and  through  vertical  glass  tubes 
containing  small  pieces  of  marble,  to  remove  any  sulphuric  acid  that  might  be  car- 
ried over  mechanically.  Cool  the  tubes  in  a  desiccator  and  weigh.  Dissolve  out 
the  precipitate  with  hot  alcohol  and  reweigh,  and  consider  the  loos  in  Aveight  as 
furfurol  hydrazone. 


Furfurol  hydrazone  X  .516  + 
Furfurol  X  1.84  ^pentosans. 
Furfurol  X  1.65  =  xy Ian. 
Furfurol  X  2.03  =  araban. 


F  ACTOR. > 


0104  ^weight  of  substance  taken  =  furfurol. 


Table  VII. — Besults  of  comparative  tests. 


1.  Commeah 

2.  Lupine  seed. 

3.  AYheat  middlings. 

Analysts. 

Phenyl- 
hydrazin 
method. 

Phloro- 
glucin 
method. 

Phenyl-       Phloro- 
hydrazin       glucin 
method.      method. 

Phenyl- 
hydrazin 
liiethod. 

Phloro- 
glucin 
method. 

W.  H.  Krug,  U.  S.  Dept.  of  Agrl 

C.  D.  Howard.  X.  H.  Exp.  Stat 

Per  cent. 
4.78 

(5.  94^ 
5.11 
4.72 

Per  cent. 

Per  cent.     Per  cent. 

112.23    

8.89 

(9.91)    

'.).  04             9.  80 
9.  45             9.  94 

Percent. 
18.19 

Per  cent. 

5.40 

18.50 

(19.  63) 
18.77 
20.23 

C.  A.  Brown,  Jr.,  Peuu.  Exp.  Stat 

E.  B.  Holland,  Mas.s.  Exp.  Stat 

5.60 
6.02 

19.50 
20.  51 

A  veraff                ... 

.. 

5.67 

9.24  ,          9.54 

1 

19.  (16 

1 

19  50 

1  Excludetl  from  average. 

In  corn  meal  the  phloroglucin  method  gives  noticeably  higher  results.  Mr.  Wiley 
rejtorts  a  simihtr  exjjcrience  with  wheat,  .securing  5  per  cent  of  pentosans  by  the 
pheuylhydrazin  and  8  per  cent  by  the  phloroglucin  method.  A  sample  of  wheat 
tested  in  our  laboratory  gave  6.  90  per  cent  by  the  former  and  8.  78  per  ceut  by  the 
latter  method.  We  are  at  present  unable  to  account  for  this  difierence.  Excepting 
the  grains,  it  can  be  said  that  the  phloroglucin  gives  only  very  slightly  higher 
results  than  the  phenylhydrazin  method.     Mr.  Brown,  in  Mr.  Frear's  laboratory,  had 

^  Twelve  grams  of  recently  distilled  phenylhydrazin  and  7.5  grams  of  glacial 
acetic  acid  filled  to  100  cc  with  water  and  well  shaken. 

-After  the  addition  of  the  phenylhj'drazin  the  solution  should  react  only  rery 
slif/htly  acid.     This  is  very  important.     If  necessary  add  the  required  acetic  acid. 

^See  Twelfth  Report  Massachusetts  Experiment  Station.  1894.  p.  188. 
15663~Xo.  oi 7 
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difficulty  in  securing  a  clear  filtrate  after  stirring  the  phenylbydrazin  precipitate 
for  a  half  hour  and  filtering.  By  allowing  the  filtrate  to  stand  forty-eight  hours 
and  then  filtering  again  he  secured,  after  deducting  a  blank  for  the  decomposition 
of  the  phenylhydrazin  itself,  0.  039  gram,  which  he  assumes  to  be  phenylbydrazin. 
In  the  figures  inclosed  in  the  above  table,  he  has  added  this  to  his  original  weight, 
and  in  making  the  calculations  for  pentosans  omitted  to  add  0.0104,  as  the  formula 
prescribes.  It  is  to  be  confessed  that  by  this  means  his  results  are  brought  nearer 
those  obtained  by  the  other  method,  yet  because  of  the  way  in  which  the  method 
was  made  up  this  would  hardly  be  allowed. 

RECOMMENDATION. 

We  recommend  the  phloroglucin  method,  as  described  above,  as  the  provisional 
method  for  the  estimation  of  furfurol  in  agricultural  products. 

SUGGESTION. 

It  is  suggested  that  further  study  be  given  to  these  methods,  in  order  to  ascertain 
their  ai)parent  lack  of  agreement  when  employed  for  the  estimation  of  pentosans  in 
the  grains. 

Estimation  of  Galactan. 

For  the  estimation  of  galactan  the  following  method  is  recommended  : 
Bring  3  grams  of  the  substance  into  a  beaker  about  5.5  cm  in  diameter  and  7  cm 
deep,  together  with  60  cc  of  nitric  acid  of  1.15  specific  gravity,  and  evaporate  the 
solution  to  exactly  one-third  of  its  volume  in  a  water  bath  at  a  temperature  of  94- 
to  96°  C.  After  standing  twenty-four  hours,  add  10  cc  of  water  to  the  precipitate 
and  allow  it  to  stand  another  twenty-four  hours.  The  mucic  acid  has  in  the  mean- 
time crystallized,  but  is  mixed  with  considerable  material  only  partially  oxidized 
by  the  nitric  acid.  The  solution  is  therefore  filtered,  washed  with  30  cc  of  water  to 
remove  as  much  of  the  nitric  acid  as  possible,  and  the  filter  and  contents  brought 
hack  into  the  beaker.  Thirty  cc  of  ammonium  carbonate  solution,  consisting  of  1 
part  ammonium  carbonate,  19  parts  water,  and  1  part  strong  ammonia  are  added, 
and  the  beaker  brought  into  a  water  bath  and  heated  gently  for  fifteen  minutes. 
The  ammonium  carbonate  takes  up  the  mucic  acid,  forming  the  soluble  mucate  of 
ammonia.  The  solution  is  filtered  into  a  platinum  or  porcelain  dish,  and  the  residue 
thoroughly  washed  with  water  to  remoAe  all  of  the  mucate  of  ammonia.  The  fil- 
trate is  evaporated  to  dryness  over  a  water  bath,  and  5  cc  of  nitric  acid  of  1.15 
specific  gravity  are  added,  thoroughly  stirred  and  allowed  to  stand  for  thirty  min- 
utes. The  nitric  acid  decomposes  the  ammonium  mucate,  precipitating  the  mucic 
acid,  which  is  collected  on  a  tared  filter  or  Gooch  crucible,  washed  with  from  10  to 
15  cc  of  water,  then  with  60  cc  of  alcohol,  and  quite  a  number  of  times  with  ether, 
dried  at  100°  for  a  short  time,  and  weighed.  The  mucic  acid  multiplied  by  1.33  gives 
galactose,  and  this  multiplied  by  0.9  gives  galactan. 

Papers  relating  to  the  analyses  of  feeding  stuff's  were  callecl  for  and 
the  following  report  was  made. 


PEELIMIITAEY  EEPOET  01^  THE  ESTIMATION  OP  PAT  IE  PODDEES  AND 

GEEEN  MATEEIALS. 

By  B.   W.  KiLGORE. 

^'Ether  extract"  is  known  by  all  chemists  not  to  represent  the  true  fat  in  fodders, 
hays,  and  green  feeding  materials.  That  it  would  be  highly  desirable  and  impor- 
tant to  be  able  to  determine  pure  fat  instead  of  ether  extract  in  this  class  of  sub- 
stances is  also  recognized  by  all  who  have  to  do  with  them  in  a  way  where  the 
question  of  a  knowledge  of  their  composition  is  involved.  So  far  as  we  know,  no 
method  for  obtaining  pure  fat  from  these  materials  has  yet  been  worked  out.     With- 
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out  going  into  a  consideration  of  the  character  of  the  sultstances  in  ether  extract 
other  than  fat  or  of  their  possible  value  in  nutrition :  without  con.sideriug  the  eftect 
of  a  method  giving  pure  fat  on  the  large  accumulation  of  data  in  the  past  in  the 
analysis  of  foods  and  feeding  stuffs  and  in  feeding  experiments  for  beef  and  butter, 
or  what  would  be  the  etfect  of  such  a  method  on  this  class  of  work  in  the  future; 
and  without  mentioning  the  numerous  failures  which  have  been  encountered  in  the 
course  of  a  study  of  this  subject  during  the  past  eighteen  months  (^ince  March, 
1896),  or  giving  the  reasons  which  led  to  the  procedure  in  the  method,  I  merely  pro- 
pose to  make  a  i)reliminary  statement  to  the  association  of  the  success  I  have  had  in 
working  out  a  method  for  the  estimation  of  pure  fat  in  the  class  of  materials  referred 
to.  Work  on  this  subject  is  still  in  progress  in  our  laboratory,  and  we  ask  that  the 
matter  be  left  to  us  until  we  have  had  time  to  perfect  the  method  and  obtain  suffi- 
cient data  for  a  detailed  report. 

There  are  two  methods  of  procedure,  both  giving  about  the  same  results,  which 
appear  to  be  (quantitative.  Most  of  our  work  has  been  done  on  the  soja-bean  pLmt, 
which  gives  quite  an  impure  extract,  but  enough  other  materials  has  been  experi- 
mented upon  to  make  us  believe  that  the  methods  will  be  good  for  all  substances. 

The  first  procedure,  which  gives  not  the  fat  but  the  fatty  acids,  is  briefly  as 
follows: 

Extract  the  material  thoroughly  with  ether  or  benzine,  and  afterwards  with 
alcohol  if  necessary.  (Especially  with  old  materials  and  leguminous  plants  contain- 
ing lecithin,  alcohol  will  remove  fat  which  is  not  soluble  in  ether  or  benzine.) 
Remove  the  solvent,  saponify  with  alcoholic  potash  or  soda :  evaporate  the  alcohol, 
take  up  the  soap  with  hot  water,  decompose  with  hydrochloric  acid,  add  some 
woolly  asbestus,  and  stir  to  collect  the  fat;  filter  and  wash  with  warm  water,  par- 
tially dry  on  water  bath,  and  extract  with  carefully  fractioned  benzine  of  30--50^  C. 
This  gives  apparently  quite  pure  fatty  acids,  usually  of  a  slightly  yellowish  color. 

The  second  procedure  is  to  extract  material  with  benzine  through  proper  amounts 
of  anhydrous  copper  sulphate,  neutral  preci2_)itated  calcium  carbonate,  calcium  chlo- 
rid.  or  plaster  of  Paris.  These  substances  hold  back  the  chloropliyll  and  coloring 
matter  and  yield  very  nice  extracts.  Some  other  salts  act  in  the  same  way  as  the 
above,  but  possess  no  advantage  over  them.  These  salts  do  not  render  the  coloring 
matter  of  plants  insoluble  in  ether. 

DISCUSSION  OF  ESTIMATION  OF  STARCH. 

Mr.  Wiley.  I  have  been  as  miicli  interested  in  this  paper  as  in  any- 
thing- else  that  has  been  presented,  not  only  because  I  take  very  par- 
ticular interest  in  the  question,  but  because  it  is  the  beginning  of  the 
themes  wijich  are  to  be  the  great  discussions  of  this  association  in  the 
future.  We  have  practically  exhausted  the  subjects  of  potash,  nitro- 
gen, and  i^hosphoric  acid.  In  subsequent  years  we  may  make  a  lew 
amendments  in  i^rocesses,  but  it  is  perfectly  certain  that  unless  some 
new  discoveries  be  made  in  analytical  chemistry  our  methods  in  these 
respects  are  ijractically  fixed,  and  the  future  work  of  the  association 
lies  in  those  lines  which  have  been  neglected  in  the  past.  This  question 
of  food  products,  is  one  of  the  greatest.  The  discussion  of  our  food 
materials  in  their  economic  uses,  as  well  as  their  actual  composition,  is 
one  of  the  great  problems  now  confronting  the  agricultural  chemists 
of  the  world. 

You  will  be  struck  by  this  fact,  that  the  method  which  is  recom- 
mended by  the  referee  as  the  one  which  .should  be  fallowed  as  a  pro- 
visional method  is  the  one  which  gives  almost  the  widest  variations  in 
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results  in  the  bands  of  the  analyst.  Now,  I  appreciate  the  reasons 
which  led  the  referee  to  make  this  recommendation,  and  I  do  not 
think  I  could  have  done  otherwise  than  make  the  same  one  myself; 
but  at  the  same  time  we  must  admit  that,  even  in  the  hands  of  the 
experienced  analyst,  the  widest  results  are  obtained  in  the  application 
of  this  method,  i^ow,  the  diastase  method  rests  upon  the  assumx)tion 
that  this  ferment  will  bring  into  solution  all  the  starch  particles.  This 
is  a  fundamental  error  to  begin  with.  It  may  or  it  may  not;  usually  it 
does  not.  In  the  first  place  the  action  of  diastase  is  conditioned  by  a 
great  many  things  in  the  environment — the  temperature,  the  degree  of 
fineness  (which  is  very  important),  and  the  character  of  the  diastase 
itself.  We  can  not  all  use  the  same  solutions.  We  have  to  make 
them  as  we  use  them,  and  there  are  differences  in  malt.  The  result  is 
that  half  a  dozen  men  of  this  association,  in  buying  malt  or  prei^ariug 
it  themselves,  get  solutions  which  are  distinctly  different  in  their 
hydrolytic  properties.  Here  is  a  fundamental  error  of  the  diastase 
method — that  we  do  not  all  work  with  the  same  materials  or  reagents. 
We  prescribe  our  diastase  solution  to  be  made  according  to  a  certain 
method,  and  yet  every  man  who  makes  it  may  have  a  solution  of  a 
different  strength,  although  he  follows  exactly  the  directions  of  the 
referee. 

Another  thing,  there  is  no  way  of  knowing  that  the  starch  is  dis- 
solved except  by  actual  examination.  I  do  not  believe  there  is  a  mem- 
ber here  who  can  take  a  ground  cereal  and  extract  the  starch  from  it 
by  a  single  treatment  with  diastase.  The  only  safe  way  is  to  take  a 
portion,  stain  it,  and  examine  with  the  microscope.  If  you  get  a  blue 
color,  repeat  the  treatment  with  diastase. 

E^ow,  with  regard  to  the  operation  of  diastase  upon  pentosans,  I  am 
glad  to  have  the  matter  brought  before  the  association,  because  Mr. 
Krug  and  I  have  paid  a  good  deal  of  attention  to  it.  Mr.  Krug  has 
found,  as  other  investigators  of  the  matter  have,  that  the  action  of  dias- 
tase upon  pentosans  is  not  a  very  vigorous  one,  and,  as  the  referee  very 
aptly  suggested,  it  may  be  due  to  the  water  rather  than  to  the  diastase. 
But,  at  least,  of  all  reagents  used  for  separating  starch  from  its  com- 
pounds in  cereals,  diastase  acts  least  vigorously  on  tbe  i)entosan  and 
other  insoluble  carbohydrate  bodies  not  starch,  present.  For  that  rea- 
son, it  is  to  be  recommended  above  all  other  reagents  which  have  been 
proposed  for  this  i^urpose.  A  paper  was  published  not  long  ago  by 
Konig,  in  Germany,  claiming  that  diastase  does  dissolve  large  percent- 
ages of  pentosans,  and  this  theory  we  subjected  to  a  very  careful  and 
critical  examination.  Mr.  Krug  found  this  claim  was  a  mistake;  that 
while  diastase  did  act  to  a  certain  extent  in  dissolving  the  pentosan 
bodies  present  it  was  to  a  very  limited  extent.  On  the  other  hand,  we 
found  that  salicylic  acid  under  certain  conditions  would  dissolve  as  high 
as  90  per  cent  of  the  pentosans  present.  So  we  have  modified  our 
method  with  regard  to  starch  determinations  in  this  way,  that  inas- 
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much  as  all  reagents  wliicli  dissolve  starch  do  dissolve  pentosans  to  a 
certain  extent  it  is  nseless  to  seek  for  a  reagent  which  will  not. 

Then  the  qnestion  arises:  Should  we  not  pnrsue  a  method  which  will 
get  the  starch  at  once  into  solution  without  resi)ect  to  the  action  of  the 
reagent  on  the  pentosan  bodies  ?  Our  modification,  therefore,  has  been 
to  eliminate  the  slowly  acting  bodies  and  take  strongly  acting  bodies 
like  salicylic  acid  under  high  pressure,  and  then,  after  determining 
the  total  copper  which  is  precipitated  in  this  solution,  determine  the 
])entosan  bodies  therein,  or  the  galactan  bodies  if  they  have  been  acted 
upon,  and  deduct  from  the  total  the  sugar  equivalent  to  these  bodies. 

The  question,  of  course,  of  the  amount  of  other  bodies  yielding  dex- 
trose from  the  fiber  which  may  be  present  has  yet  to  be  considered. 
Nevertheless,  we  use  practically  the  diastase  method  in  our  determina- 
tions. We  find,  as  the  referee  finds,  that  we  can  not  conscientiously 
make  any  other  recommendation  at  the  present  time,  but  we  simplj^ 
insist  upon  the  fact  that  all  the  starch  bodies  shall  be  brought  into 
solution. 

Another  question  is  important.  The  estimation  of  potash,  of  phos- 
])horic  acid,  and  of  nitrogen  is  easy,  but  it  is  a  difficult  thing  to 
estimate  starch.  In  the  first  place,  ordinarily  the  quantity  of  material 
acted  upon  is  small  and  then  only  a  very  small  aliquot  of  that  material 
is  used,  so  that  we  get  in  the  end  only  150  to  200  milligrams  as  repre- 
senting the  total  weight  of  the  material.  Hence,  any  errors  in  manipu- 
lation are  greatly  magnified  before  the  result  is  reached,  and  there  is 
no  manipulation  which  the  agricultural  chemist  is  called  upon  to  engage 
in  which  requires  so  much  skill,  delicacy,  and  care  in  every  detail  as 
the  estimation  of  starch. 

Then  we  have  wide  differences  in  the  methods  of  determining  copper. 
One  chemist  determines  it  by  the  volumetric  method;  another  will  pre- 
cipitate and  weigh  the  copper  as  oxid  after  ignition;  another  will,  after 
precipitation  of  the  copper,  bring  it  into  solution  and  precipitate  it 
electrolytically  and  weigh  it  as  metallic  copper.  Theoretically,  all  these 
methods  should  yield  good  results,  but  it  seems  to  me  that  in  i)ractice 
we  ought  to  use  a  uniform  method.  We  have  long  since  abandoned  in 
our  laboratory  any  attempt  to  estimate  copper  volumetrically.  In  the 
sugar  factory,  the  volumetric  method  is  to  be  recommended,  because  it 
is  quick  and  reasonably  accurate  for  control  purposes,  but  for  all  such 
purposes  as  ours  for  fixing  methods  the  volumetric  method  must  be 
absolutely  eliminated;  that  we  must  accept  as  true. 

With  regard  to  the  differences  between  estimations  as  oxid  of  coj) 
per  and  metallic  copper,  I  think  experience  leads  us  to  prefer  in  every 
respect  metallic  copper,  and  I  believe  the  association  should  adopt  that 
as  its  method.  The  copper  should  be  deposited  electrolytically  and 
weighed  as  metallic  copper.  If  a  great  many  of  these  determinations 
be  made  it  requires  very  little  more  time  than  the  other  methods  I 
have  mentioned.     The  analyst  working  through  the  day  and  preparing. 
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say,  twenty  of  these  solutions,  can  connect  them  over  night  with  the 
current  and  in  the  morning  will  find  the  copper  precipitated.  There- 
fore we  strongly  recommend  tliis  electrolytic  method  for  the  determina- 
tion of  copper. 

The  bodies  which  yield  furfurol  on  distillation  are  far  from  being 
simple  in  their  composition.  Here  is  another  great  trouble  we  exi^eri- 
ence.  We  assume  that  all  the  furfurol  yielded  is  due  to  a  definite 
body,  araban  or  xylan.  Now  that  is  a  great  error,  I  am  sure.  If  all 
kinds  of  fibers  be  treated  for  pentosan  there  will  be  found  a  certain 
quantity  of  pentosan  bodies  which  are  dissolved  very  rapidly  by  alka- 
line solution  from  these  bodies.  There  is  another  large  quantity  of 
substance,  the  furfurologenes,  which  is  not  dissolved  at  all,  or  only 
slowly,  by  alkaline  bodies.  Krug  has  sliown  that  fibers  treated  for 
several  hours  at  high  pressure  with  caustic  soda  of  a  certain  strength 
contain,  still  undissolved,  large  quantities  of  bodies  yielding  furfurol. 
So  we  have  here  very  great  differences  in  these  bodies.  Bevan  and 
Cross  have  called  attention  to  this  and  have  also  proposed  the  name 
furfuroid  bodies  for  those  which  are  different  from  araban,  xylan,  etc. 
These  are  probably  substances  which  have  different  degrees  of  solu- 
bility. ISTow  what  is  the  relation  of  these  bodies  to  the  original  amount 
of  furfurol  yielded  ? 

We  have  found  this,  that  there  is  no  unaccounted-for  matter,  or  at 
least  only  a  trace,  in  cereals  if  all  the  starch  and  all  the  furfurol -yielding 
bodies  calculated  as  xylose  be  determined.  That  practically  com- 
pletes the  whole  of  the  cereal  material.  We  have  in  cereals  little 
galactan.  We  have  a  certain  amount  of  soluble  sugars  which  pass 
into  solution,  mineral  salts,  organic  compounds,  phosphorus,  sulphur, 
etc.,  and  a  careful  estimation  of  the  starch  of  a  cereal  by  the  diastase 
method,  together  with  a  determination  of  the  other  ingredients  by 
approved  methods,  yields  practically  100  per  cent.  Mr.  Krug  has 
obtained  results,  working  with  the  greatest  care,  on  large  numbers 
of  cereals,  which  come  almost  as  near  footing  up  100  as  ordinary  min- 
eral analyses.  When  it  comes  to  the  other  feeding  stuffs  and  fibers, 
the  presence  of  this  large  amount  of  a  furfurol-yielding  body  not 
soluble  in  alkali  under  high  pressure  complicates  the  determination; 
but  I  have  no  doubt  when  this  relation  is  established,  i.  e.,  the  furfurol 
relation  to  this  other  class  of  bodies,  this  gap  will  be  filled  up. 

There  is  one  recommendation  of  the  referee  which  I  hope  the  com- 
mittee will  take  into  serious  consideration,  and  that  is  in  regard  to 
shortening  the  time  of  conversion.  It  is  highly  important  that  the 
dextrinoid  bodies  separated  in  starch  determinations  be  converted  into 
dextrose,  because  dextrose  is  the  body  we  determine.  Now,  while  two 
hours'  boiling  will  be  sufficient  in  most  cases,  I  do  not  think  the  addi- 
tional hour  is  going  to  do  any  harm.  If  the  time  be  diminished,  the 
liability  to  error  is  increased.  Of  course  there  is  a  difference  between 
boiling  and  heating  to  the  boiling  point.  At  any  rate,  the  conversion 
must  be  complete  before  the  dextrose  can  be  determined. 
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I  do  not  know.  Mr.  President,  of  any  more  important  snbject  than 
tbe  one  wbicli  the  referee  has  so  admirably  l)rought  before  us.  The 
statements  in  his  paper  demand  and  should  receive  the  serious  con- 
sideration of  every  member  of  our  association.  I  should  like  to  see 
more  of  our  members  giving  their  attention  to  the  investigation  of 
tliese  important  problems.  There  is  plenty  of  room  for  investigation; 
noltody  has  preempted  the  whole  field. 

Mr.  LiXDSEY.  It  has  been  very  gratifying  to  me  to  have  Mr.  Wiley 
bring  up  this  matter.  I  realize  that  my  paper  is  imperfect,  since  we 
have  not  had  time  to  go  over  all  the  points  we  desire  to  treat.  I  want 
to  make  one  explanation,  however,  and  that  is,  he  has  suggested  in  liis 
method,  which  gives  not  only  starch  but  also  galactans  and  pentosans, 
that  all  these  be  taken  from  the  total,  and  from  that  be  taken  the 
amount  of  pentosans  and  galactans,  and  the  remainder  be  called  starch. 
That  I  can  not  accept,  because  I  am  convinced  that  by  this  pressure  a 
portion  of  the  galactan  and  pentosans  is  destroyed,  so  that  we  can  not 
get  them  into  bodies  which  will  reduce  copper.  I  realize  the  difficulty 
of  brin.uing  starch  into  solution  by  the  aid  of  diastase,  yet  I  am  con- 
vinced that  at  present  we  can  get  safer  results  by  the  diastase  method 
tlian  by  any  other,  when  we  are  attemx)ting  to  estimate  pure  starch; 
and  if  Mr.  Wiley  will  refer  to  the  table  he  will  find  that  Mr.  Krug  (in 
Table  0, 1  think)  got  very  similar  results  with  the  diastase  method  and 
tli*^  ^liircker  method.  I  can  not  see  how  that  is  possible.  You  will 
also  notice  that  in  wheat  middlings  he  got  31  per  cent  with  the  diastase 
n;ethod  and  35  per  cent  with  the  Miircker  method.  1  think  his  dia- 
stase must  have  worked  pretty  severely  in  that  case.  I  can  not  recon- 
cile his  figures  at  all.  I  believe  the  diastase  method,  at  the  present 
time,  is  the  safest  method. 

In  describing  the  diastase  method  I  have  recommended  that  the  sub- 
stance be  powdered.  I  am  convinced  that  in  passing  it  through  a  mil- 
limeter sieve  we  do  not  get  it  as  fine  as  we  ought.  To  get  all  ihe  starch 
acted  upon  by  the  diastase,  the  substance  should  be  put  into  the  form 
of  a  powder.  I  do  not  doubt  that  the  Department  of  Agriculture  got 
really  more  starch  than  we  did.  But  by  the  ordinary  method,  as  it  is 
recommended  by  Miircker  and  others,  the  statement  is:  Treat  with 
diastase  solution  until  the  substance  no  longer  gives  iodin  reaction  for 
starch.  That  we  followed  out.  I  believe  by  grinding  it  fine  we  can 
get  more  starch.  With  reference  to  the  methods  for  precipitation  of 
copper,  I  think  Mr.  Wiley  is  right. 

Mr.  Wiley.  A  cereal  can  be  treated  by  the  diastase  method  until 
by  the  ordinary  test  it  gives  tio  starch  reaction  at  all.  yet  if  examined 
bj'  the  microscope  it  is  found  that  plenty  of  starch  is  left.  It  is  because 
these  starch  granules  are  entirely  surrounded  by  proteid  and  other 
incrusting  matters  that  they  escape  solution.  This  fact  led  Mr.  Krug 
and  myself  to  try  an  interesting  modification  which  we  think  will  l)e  of 
great  benefit,  and  that  is  to  digest  previously  with  pepsin  bef-ue  using 
the  diastase  at  all.     Our  attention  was  called  to  pepsin  by  a  French 
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cliemist,  Mr.  Lindet,  who  proposes  to  estimate  starch  directly  as  starch, 
and,  b}'  the  way,  his  method  is  an  excellent  one  for  technical  purposes. 
He  digests  his  cereal  with  i^epsin  and  then  washes  on  silk  cloth,  col- 
lects the  starch,  dries  and  weighs  it;  and  for  technical  purposes  that  is 
the  best  method.  Mr.  Krug  has  tried  this  method  very  thoroughly  and 
finds  the  amount  of  fiber  held  by  the  starch  is  not  very  different  from 
the  amount  of  starch  which  remains  in  the  fiber.  It  is  an  excellent 
technical  method  and  a  fairly  good  analytical  one.  This  suggested 
to  us  the  previous  solution  of  this  proteid  matter  before  applying  the 
diastase. 

Mr.  LiNDSEY.  Would  it  not  be  wise  to  digest  all  the  material,  every- 
thing, with  pepsin! 

Mr.  Wiley.  We  don't  know  but  it  would.  We  have  not  gone  far 
enough  to  say,  but  our  results  are  very  promising. 

Mr.  Bartlett  asked  if  longer  boiling  in  water  would  not  be  effective 
in  getting  at  the  starch. 

Mr.  Wiley.  I  think  no  amount  of  boiling  would  separate  the  starch 
from  this  proteid  film.  While  boiling  is  an  excellent  thing  for  most 
starch  granules,  it  can  not  reach  the  trouble  we  have  here.  Ko  amount 
of  boiling  will  disintegrate  these  granules. 

Mr.  WiNTON.  Where  only  a  few  determinations  are  to  be  made  a 
very  good  substitute  for  diastase  is  ordinary  human  saliva.  This 
method  was  suggested  by  Professor  Chittenden,  of  Yale,  who  has 
worked  out  very  carefully  the  diastatic  action  of  saliva  and  has  given 
exact  instructions  for  securing  its  maximum  action.  I  tried  this 
method  eight  or  ten  years  ago  and  found  the  starch  was  very  com 
pletely  brought  into  solution.  The  action  was,  if  anything,  quicker 
than  that  of  diastase.  We  have  no  correction  for  sugar  to  make  in 
this  reagent. 

Mr.  Wiley.  The  trouble  with  saliva  is  that  it  is  rather  difficult  to 
filter.  It  takes  a  long  time  to  get  it  through.  Of  course,  this  use  of 
saliva  is  an  old  one;  we  have  tried  it  also,  but  did  not  think  its  activ- 
ity, except  in  i^erfectly  free  granules,  was  sufficient.  Then  we  had 
great  difficulty  in  filtration;  even  diastase  does  not  filter  any  better 
than  it  should. 

Mr,  Yan  Slyke  moved  to  postpone  discussion  of  the  next  three  papers 
relating  to  foods  until  all  three  had  been  read.    Adopted. 

Mr.  Kilgore  presented  informally  a  preliminary  report  on  some  work 
he  had  been  doing  in  the  estimation  of  fat.     The  chair  suggested  that 
Mr.  Kilgore  write  up  this  statement  in  form  for  publication  in  the  pro 
ceedings,  which  Mr.  Kilgore  agreed  to  do.^ 

Mr.  Hills  exhibited  some  blue  prints  of  a  mill  which  he  had  in  use 
for  grinding  fodder  samples,  and  described  its  operation. 


'  The  paper  by  Mr.  Kilgore  is  fouucl  on  page 
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The  cluiir  called  for  the  report  on  food  legislation.  This  was  read  by 
Mr.  Wile}',  as  follows: 

EEPOKT  ON  POOD  LEGISLATION. 

To  ihe  President  and  Members  of  ihe  Association  of  Official  Afjricultnral  Chemists. 

Gentlemen:  Your  committee,  appointed  to  consider  the  sulyect  of  ])ur<;-food 
legislation,  begs  to  make  the  following  report: 

The  importance  of  a  general  pnre-food  law  for  the  District  of  Columbia  and  the 
Territories  of  tbe  United  States,  and  for  foods  passing  from  one  State  to  another,  is 
admitted  by  all  who  have  devoted  any  attention  to  the  subject  of  pure-food  legis- 
lation. The  authority  of  the  National  Congress  can  not  go  beyond  the  limits  men- 
tioned above.  Already  the  National  Legislature  has  passed  a  local  food  law  for  the 
District  of  Columbia,  which  in  many  of  its  provisions  would  b<!  suitable  for  general 
legislation.  It  is  important,  however,  that  a  national  food  law  which  will  apply  to 
the  whole  country  within  tbe  limits  mentioned  above  should  be  typical  in  character 
and  become  a  basis  upon  which  the  State  legislatures  might  model  the  local  laws 
for  the  several  States.  Not  only  is  it  evident  that  legislation  in  regard  to  pure 
foods,  both  national  and  State,  is  of  the  utmost  importance,  but  it  is  also  at  once  evi- 
dent that  there  should  be  a  general  agreement  in  the  provisions  of  the  laws  enacted 
by  the  General  Government  and  by  the  States.  Your  committee  would  recommend 
that  this  association  urge  upon  Congress  the  passage  of  a  pnre-food  law,  the 
essential  provisions  of  which  are  the  same  as  the  Paddock  law,  which  passed  the 
Senate  on  March  9, 1892,  but  failed  to  come  to  a  vote  in  the  House  of  Representatives. 
Your  committee  would  recommend  a  reintroduction  of  the  bill  with  a  few  slight 
modifications  which  follow  in  the  appended  copy.'  Your  committee  is  of  the  opinion 
that  a  general  bill  regulating  food  adulteration  would  l)e  far  moie  effective  than  the 
passage  of  particular  acts,  such  as  those  relating  to  the  manufacture  and  sale  of  oleo- 
margarine, filled  cheese,  etc.  The  whole  subject  of  food  adulteration  should,  in  the 
or)inion  of  your  committee,  be  treated  in  a  broad  and  scientific  spirit  by  the  National 
Legislature  in  such  a  way  as  to  secure  the  enactment  of  a  law  which,  in  its  scope 
and  method  of  application,  could  serve  as  a  model  for  similar  laws  in  all  the  States. 

In  conclusion,  your  committee  would  recommend  that  if  favorable  action  be  taken 
upon  the  report  herewith  submitted,  the  same»be  transmitted  to  the  proper  com- 
mittees of  the  national  House  of  Representatives  and  of  the  Senate,  with  the  iudorse- 
ment  of  this  association  favorable  to  a  speedy  action  along  the  lines  mentioned. 
Respectfully, 

H.W.Wtley. 

H.  A.  Huston. 

.    A.  S.  Mitchell. 

The  referee  on  dairy  products  read  the  following  report: 


REPOET  ON  METHODS  POE  THE  ANALYSIS  OP  DAIEY  PEODUOTS. 
By  L.  L.  Van  Slyke,  Referee. 

The  cooperative  analytical  work  on  dairy  products  has  been  limited  this  year  to  a 
study  of  methods  used  for  determining  the  casein  and  albumin  in  cow's  milk. 

Some  special  work  has  been  done  by  the  referee  also  in  order  to  call  attention  to 
some  deficiencies  existing  in  the  present  statement  of  our  official  method  for  deter- 
mining milk  solids. 


*  See  pure-food  bill,  introduced  into  the  House  of  Representatives  by  the  Hon. 
Mr.  Brosius.     H.R.5441. 
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The  referee  was  autliorized  by  vote  of  the  association  to  study  methods  for  ideu- 
tifyiiig  filled  cheese  and  milk  adulterants  used  m  the  form  of  milk  preservatives. 
At  the  suggestion  of  the  chairman  of  the  committee,  appointed  to  report  methods 
for  the  detection  of  food  adulterants,  I  have  made  the  present  report  cover  dairy  prod- 
ucts in  general. 

Determination  of  Casein  and  Albumin  in  Cow's  Milk. 

There  is  probably  no  class  of  compounds  in  agricultural  chemistry  about  which 
there  is  more  variation  of  statement  than  the  nitrogen  compounds  of  cow's  milk. 
Thus,  Duclaux  declares  there  is  only  one,  while  Halliburton  says  unqualifiedly, 
"The  proteids  which  occur  in  milk  are  two  in  number."  Wiley  names  four,  but  states 
that  the  number  and  kind  of  proteid  bodies  are  not  known  with  definiteness. 
Sebelien  says  that  milk  contains  globulin,  and  Halliburton  says  this  is  a  mistake. 
New  nitrogen  compounds  are  frequently  reported  as  being  found  ia  milk. 

The  referee  did  not  have  it  in  mind  to  harmonize  these  disagreements  or  settle 
these  disputed  questions,  bnt  simply  to  assume  as  true  what  is  most  palpable,  and 
study  methods  based  on  these  assumptions. 

From  general  chemical  behavior  we  can  assume,  with  our  present  light,  that  cow's 
milk  contains  at  least  three  kinds  of  nitrogen  compounds.  First  in  quantity  is 
casein,  which  is  coagulated  by  acids,  rennet,  rennet-like  ferments,  by  saturation  with 
neutral  salts  like  magnesium  sulphate,  sodium  chlorid,  etc.,  or  through  precipitation 
by  various  other  metallic  salts.  Casein  can  not  be  separated  from  other  milk  con- 
stituents by  heat  alone.  The  nitrogen  compounds  remaining  in  milk  after  the 
removal  of  casein  appear  to  be  of  two  kinds,  one  kind  called  albumin  and  rendered 
insoluble  by  heating  at  75"  C.  or  higher.  Then  there  always  remains,  so  far  as  my 
own  experience  goes,  a  class  of  nitrogen  compounds  which  is  not  affected  either  by 
heat  or  by  the  reagents  used  to  remove  casein. 

To  separate  and  estimate  the  casein  and  albumin  of  milk,  two  methods  have  been 
usedfor  study :  First,  the  provisional  method  adopted  last  year,  that  is,  precipitation 
of  casein  by  acetic  acid  and  determination  of  albumin  in  filtrate  by  boiling;  and 
second,  precipitation  of  casein  by  saturation  with  magnesium  sulphate  and  determi- 
nation of  albumin  in  acidified  filtrate.  The  latter  method  has  been  carried  out  as 
folfows:  To  about  5  grams  of  milk,  50  cc  of  solution  of  magnesium  sulphate,  satu- 
rated at  40°  to  45°  C,  are  added  and  the  mixture  heated  to  40°  to  45°  C.  until  the  pre- 
cipitate completely  separates,  leaving  the  surrounding  liquid  clear.  The  precipitate 
is  filtered,  washed  two  or  three  times  with  warm  saturated  solution  of  magnesium 
sulphate,  and  then  treated  by  the  Kjeldahl  method  for  the  determination  of  nitro- 
gen. To  the  filtrate  is  added  0.3  cc  of  a  10  per  cent  solution  of  acetic  acid  and  the 
temperature  is  raised  to  boiling  until  the  albumin  completely  precipitates.  The 
precipitate  is  filtered,  washed  with  saturated  magnesium  sulphate  solution,  and 
then  treated  by  the  Kjeldahl  method  for  the  determination  of  its  nitrogen.  Some 
work  has  been  done  also  by  the  Geneva  Station  on  a  modification  of  the  provisional 
method  for  determining  albumin  which  will  be  described  later. 

Three  different  samples  of  milk  were  sent  on  different  dates,  as  follows: 

On  June  14,  to  the  Indiana,  Iowa,  and  Cornell  University  experiment  stations. 

On  July  26,  to  the  Department  of  Agriculture  at  Washington,  and  to  the  Wisconsin 
Experiment  Station. 

On  September  13,  to  the  Cornell  University,  Maine,  Delaware,  Kentucky,  Vermont, 
and  Ottawa  (Canada)  experiment  stations,  and  to  the  Department  of  Agriculture. 

These  samples  were  examined  at  the  Geneva  Experiment  Station  in  every  case. 
The  work  was  performed  by  the  following  chemists:  Cornell  University,  C.  G.  Cava- 
naugh;  Department  of  Agriculture,  G.  E.  Patrick  and  T.  C.  Trescot;  Geneva,  J.  A. 
Le  Clerc  and  L.  L.  Van  Slyke;  Indiana,  H.  A.  Huston;  Iowa,  I.  J.  Mead;  Kentucky, 
M.  A.  Scovell  and  A.  M.  Peter;  Maine,  J.  M.  Bartlett;  Ottawa  (Canada),  F.  T.  Shutt; 
Vermont,  C.  H.  Jones;  W^isconsin,  Alfred  Vivian. 
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The  samples  sent  out  consisted  of  freshly  separated  skim  milk,  and  contained  for 
each  liter  1  cc  of  40  per  cent  formaldehyde  solution  to  keep  the  casein  from  under- 
going change.  In  this  connection,  it  was  desired  to  ascertain  whether  the  presence  of 
formaldehyde  in  this  amount  would  affect  the  determination  of  casein  or  albumin  hy 
either  method,  and  also  whether  on  long  standing  the  casein  would  undergo  change 
in  the  presence  of  formaldehyde. 

The  following  results  indicate  that  the  presence  of  formaldehyde  in  the  compara- 
tively large  proportion  used  has  no  influence  upon  the  precipitation  of  the  casein  or 
albumin  by  the  methods  employed. 

Effect  of  formalin  in  milJc. 


Quality  of  milk. 


In  milk  containing  no  formalin. 


Average 

in  milk  containing  formalin. 


Average. 


Percentage  pp^pp^^af^p 
Percentage  of  casein  by  ^f^^^^^^g 
of  casein  by  magnesium  °^  ai'^i™in 
provisional     sulphate 
method.       precipita- 
tion. 


Percentage   Percentage 
of  albumin    of  albumin 


by  provi- 
sional 
method. 


by  magne- 
sium sul- 
phate 
method. 


by  modi- 
fied provi- 
sional 
method. 


(a)  2.  96  (a)  3.  24         (a)  0.  388           (a)  0.469           (a)  0.463 

(b)2.98  (b)3.26         (b)    .400           (b)    .475          (b)    .47.5 

(c)3.01  (c)  Lost.         (c)    .425           (c)    .500           (c)    .481 

(d)3.04 

(e)3.05 

(f)3.06    

3.02  3.2.5  .404  .481  .473 

(a) 3. 01  (a) 3. 21         la)    .400  (a)    .413  (a)    .425 

(h)3.01  ,        (b)3.22         (b)    .406  (b)    .444  (b)    .444 

(c)3.04  j        (c)3.24         (c)    .413  (c)    .450  (c)    .463 

(d)3.05 

(6)3. OG  I 

(f)  Lost.  ' 

3.03  3.22  .408  .436  .444 

1  I  I      ' 


That  formalin  is  a  most  excellent  preservatire  for  keeping  samples  of  milk  for 
analysis  our  results,  presented  below,  show  conclusively.  The  sample  of  milk,  whicli 
was  sent  out  on  June  14,  was  analyzed  for  casein  and  albumin  at  six  different  times 
between  June  14  and  July  26.  The  sample  during  these  several  weeks  stood  in  the 
laboratory,  where  it  was  fairly  warm. 

The  amount  of  casein  as  found  by  the  provisional  method  was  as  follows: 

(1)  Sample  sent  out  June  14:  (2)  Sample  sent  out  July  26: 


Per  cent. 
July  26 2.  62 

Aug 


2.68 
2.61 
2.59 


Per  cent. 
June  14 2.  54 

17 2.57  ^"o-     *^ 

19 2.  62  12 

25 2.59  25 

July  19 2. 59 

26 2.66 

The  results  obtained  by  the  magnesium  sulphate  method  were  equally  uniform. 
The  albumin  determinations  were  less  uniform,  but  tairly  good.  We  may  safely  con- 
clude that  formaldehyde  will  keep  milk  in  perfect  condition  for  analysis  for  a  reason- 
able length  of  time,  and  especially  if  any  precautions  whatever  be  taken  to  keep 
the  milk  in  a  fairly  cool  place. 

Therefore,  any  difference  existing  in  the  results  obtained  by  different  workers  can 
not  be  due  to  the  fact  that  the  milk  underwent  change  before  being  examined:  and, 
moreover,  the  work  was  completed  in  every  case  with  reasonable  promptness  alter 
the  receipt  of  the  samples. 
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MODIFICATION   OF   PROVISIONAL   METHOD   FOR   DETERMINATION   OF   ALBUMIN. 

Some  time  ago  we  noticed  irregularities  in  determining  albumin  by  the  provisional 
method  which  seemed  to  point  to  low  results.  It  occurred  to  us  that  under  some 
conditions  the  amount  of  acetic  acid  used  for  precipitating  casein  might  be  sufficient 
to  hold  some  albumin  in  solution.  We  therefore  made  a  series  of  comparisons,  neu- 
tralizing by  caustic  alkali  the  filtrate  from  casein  precipitation  and  then  adding 
0.3  cc  of  10  per  cent  solution  of  acetic  acid.  The  latter  method  quite  uniformly  gave 
higher  results,  varying  somewhat  in  different  milks.  The  data  for  the  comparisons 
are  here  presented. 

Results  from  sample  No.  1. 


Stations. 

Percentage 
of  casein  by : 
provisional 
'  method. 

Percentage 

of casein  by 

maguesiuin 

sulphate 

method. 

Percentage 
of  albumin 
by  provi- 
sional 
method. 

Percentage 
of  albuiuin 
by  magne- 
sium sul- 
phate 
method. 

New  York  (Geneva) 

(a)  2.  44 

(b)  2.  54 

(c)  2.  54 

(d)  2.  54 

(e)  2.  62 

(a)  2.  65 

(b)  2.  66 

(c)  2.  70 
(-1,2.71 
(e)2.76 

(a)  0.  225 

(b)  .238 

(c)  .244 

(d)  .256 

(e)  .202 

(a)  0.  275 

(b)  .300 

(c)  .325 

(d)  .325 

(e)  .344 

Averao'e 

2.54 

2.70 

.245 

314 

(a)  2.  62 

(b)  2.  63 

(c)  2.  63 

(a)  2.  03 
(b)3.  02 

(a)  Lost. 

(b)  .401 
(c)   .379 

(a)  .371 

(b)  .358 

i 

2.63                 2.97 

.390 

Iowa                                                                          ...... 

2.66 

2.78 

.219 

197 

Results  from  sample  No. 


Stations. 

Percentage 

of  casein  by 

provisional 

method. 

Percentage 

of  casein  by 

magnesium 

sulphate 

method. 

(a)  2.  59 

(b)  2.  60 
(c)2.62 

(d)  2.  67 

(e)  2.  68 

(a)  2.72 

(a,\  0.  231            (a)  0.  281 

(b)2.77  1      (b)    .262 
(c)  2.  78  i      (c)    .  287 
(d)2,79        (d)    .306 
(6)2.84  1      (e)    .331 

(b)  .312 

(c)  .363 

(d)  .400 

(e)  .406 

2.63 

2.78                .283  1               .352 

Department  of  Agriculture     .....<..   . . 

(a)  2.  56 

(b)  2.  56 

(c)  2.  63 

(a)  2.  69        (a)    .  325 

(b)2.69        (b)    .338 

(c)Lost.         (c)    .344 

(a)    .  244 

(b)  .244 

(c)  .244 

_A.vera""e           .                . .            .       . 

2.58 

2.  09 

.335 

244 

(a)  2.  50 
(b)2.50 
(0)2.54 
(d)  2.  56 

(a)  2  62 

(b)  2.  63 

(c)  2.  64 

(d)  2.  65 

(a)  .313 

(b)  .314 

(c)  .318 

(d)  .330 

(a)  .100 

(b)  .120 

(c)  .120 

(d)  .125 

Average                              . 

2.53 

2.63 

.319 

116 
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EesulU  from  sample  Xo.  3. 


Stations. 

Percentage 
of  casein 
by   provi- 
sional 
method. 

Percentage 
of  casein 

by  mague- 
sinm  sul- 
phate 
method. 

Percentage 
of  albumin 

by  provi- 
sional 

method. 

Percentage  i  Percentage 
of  albumin  1  of  albumin 
by  magne-       by  iiiodi- 
sium  sul-      tied  ]>rovi- 

phate             sional 
method,          method. 

(a)  2.  71 

(b)  2.  76 
(c)2.79 

(a)  3. 04 

(b)  3. 10 

(c)  Lost. 

(a)  0. 269  . 

(b)  .300  ' 

(c)  .344 

(a)( 

(b) 

),288          (a)  0.362 

.325  ih)  .369 
.309          (c;    .387 

A-vera£e                                       .   . -  - 

2.75 

3.07 

■ 

.304 

.327  i                 .373 

(a)  3. 10 

(b)  3.  30 

(a)  3. 19 

(b)  Z.  23 

(a) 
(b) 

.317 
.360 

{a) 
(b) 

.270    

.317 

A-vera^e 

3.20 

3.21 

.338 

.293      .... 

(a)  2.  84 

(b)  2.  86 

(a)  2.85 

(b)  2.  88 

(c)  2.  90 

(d)  2.  92 

(e)  2.  93 

(a) 
(b) 

.32 

.33 

(a) 
(b) 

.34      

.39     '              .   .   . 





1 

! 

2.85 

2.90 

.325 

.365                

(a)  2.  71 

(b)  2.  71 

(c)  2.  73 

(a)  2.91 
(b)2.94 
(c)  2.94 

(a) 
(b) 
(c) 

.275  . 
.288  , 
.306 

(a) 
(b) 

(c) 

.425 

.425 ; 

.450    

2.72 

2.93 

.288 

.  431 

Vermont                      .    . 

(a)  2.  69 
(b)2.72 
(c)2.73 

(a)  2.  69 

(b)  2.  69 

(a) 
(b) 

.252 
.2.50 

.250 

(a) 
(b) 

.42 

.425 

Average 

2.71 

2.69 

.251 

.422    

Department  of  Agriculture 

(a)  2.  63 
(b)2.63 
(c)  2.  63 

(a)  2.  63 

(b)  2.  69 

(c)  2.  75 

(a) 
(b) 
(0 

.263 
.263 
.275  , 

(a) 
(b) 
(c) 

.175    

175 

.175    

Average                  .  ...... 

1 

.267  1 

1 

175 

(d)  2.  75 

(e)  2.  75 

(f)  2.75 

(a) 
(b) 

(c) 

.206  i 

.156 

.175 

(a) 
(b) 
(c) 

.137       

.100    

137 

2.63 

2.  72 

2 

.179 

2 

.127    

Ottawa  (Canada; 

(a)  l'.61 

(b)  2.67 

(a) 
(b) 

.37 
.37 

2.64 

.37 

'  Washing  alliumin  with  colil  wator. 
2  Washing  albumin  with  hot  water. 
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Summary  of  analytical  results. 


Stations. 

Percentage 
of  casein 
by  provi- 
sional 
method. 

Percentage 
of  casein 

by  magne- 
sium sul- 
•  phate 
method. 

Percentage 
of  albumin 
by  provi- 
sional 
method. 

Percentage 
of  albumin 
by  magne- 
sium sul- 
phate 
method. 

Percentage 
of  albumin 

by  modi- 
fied provi- 
sional 

method. 

Sample  1 : 

iN^ew  York  (Geneva)   . 

2.54 
2.63 
2.66 

2.70 
2.97 
2.78 

0.245 
.390 
.219 

0.314 
.365 
197 

A. vera  ""e           -         -  -       .... 

2.61 

2.82  !              .285 

292 

Sample  2 : 

ITew  York  (Geneva)           .            

2.68 

2.  .58 
2.53 

2.78 
2  69 

.283 

.352 

Department  of  A-Ticulture 

•^ii  i 

!                     1            ■ 
2.63                 .319                 1.116    

A-Verage 

2.58 

2  70                  312                    298 

Sa-mule  3 : 

[New  York  (Geneva) 

2.75 
'3.20 
2.85 
2.72 
2.71 

2.63 

2.64 

3.07 
3.21 
2.90 
2.93 
2.69 

2.72. 

.304 
.338 
.325 
.288 
.251 
2.267 
3.179 
.370 

1 
327   1                0  373 

New  York  (Cornell) 

.293 
.365 
.431 

.422 
2.175 
3.127 

Kentucky .- 

Maine                                  

Department  of  Agriculture 



2.72 

2.92 

.306 

.368  1 

1  Omitted  from  average. 

2  Washing  albumin  with  cold  water;  omitted  from  average. 

3  Washing  albumin  with  hot  water;  omitted  from  average. 

The  data  contained  in  tlie  preceding  tables  may  be  summarized  as  follows : 

(1)  In  the  determination  of  casein  we  iind  a  good  agreement  in  the  duplicates  of 
individual  workers  by  either  method. 

(2)  In  the  first  sample  the  results  of  three  workers  gave  casein  varying  from  2.54 
to  2.66  per  cent  of  casein  by  the  provisional  method,  and  from  2.70  to  2.97  per  cent 
by  the  magnesium  sulphate  method. 

In  the  second  sample  the  results  of  three  workers  gave  casein  varying  from  2.53 
to  2.63  per  cent  by  the  provisional  method  and  from  2.63  to  2.78  j)er  cent  by  the  mag- 
nesium suljihate  method. 

In  the  third  sample  the  results  of  six  workers  gave  casein  varying  from  2.63  to 
3.20  per  cent,  or,  dropping  the  highest  result,  from  2.63  to  2.85  per  cent  by  the  pro- 
visional method  and  from  2.69  to  3.21  or  3.07  per  cent  by  the  magnesium  sulphate 
method. 

(3)  Comparing  the  provisional  method  with  the  magnesium  sulphate  method  for 
determining  casein,  we  find  that  eleven  out  of  twelve  workers  obtained  more  casein 
by  the  latter  method,  the  difference  varying  from  0.01  to  0.34  per  cent  and  averaging 
0.15  per  cent.  In  only  one  case  Avas  less  casein  obtained  by  the  magnesium  sulphate 
method  and  the  difference  then  was  only  0.02  per  cent. 

(4)  When  we  consider  that  these  results  are  based  on  the  nitrogen  determination, 
and  that  any  error  in  determining  nitrogen  is  multiplied  over  six:  times  when  we 
express  the  results  in  terms  of  casein,  we  may  regard  the  results  obtained  as  very 
satisfactory,  especially  when  we  consider,  in  addition,  that  the  work  was  new  to  most 
of  the  analysts. 

Every  one  complained  of  the  tediousness  of  the  magnesium  sulphate  method,  the 
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lime  of  filtration  and  "^ashing  varying  from  several  hours  to  three  days,  as  rt^ported 
by  different  workers. 

While  it  is  evident  that  acetic  acid  does  not  always  effect  a  complete  precipitation 
of  casein,  yet  the  difference  usnally  lies  helow0.20  per  cent,  and  only  in  work  requir- 
ing exceeding  accuracy  would  the  tediousness  involved  in  using  the  magnesium  sul- 
phate method  j  ustify  the  added  labor.  The  referee  hopes  by  further  work  to  perfect 
the  jirovisioual  method,  so  that  all  of  the  casein  may  be  j>recipitated. 

(5)  In  the  first  sample,  the  results  of  three  workers  gave  albumin  varying  from 
0.219  to  0.39  per  cent  by  the  provisional  method  and  from  0.197  to  0..36.5  per  cent  by 
the  magnesium  sulphate  method. 

In  the  second  sample,  the  results  of  three  workers  gave  albumin  varying  from 
0.283  to  0.335  per  cent  by  the  provisional  method  and  from  0.116  to  0.352  i)er  cent  by 
the  other  method. 

In  the  third  sample,  the  results  of  six  workers  gave  albumin  varying  from  0.251  to 
0.338  per  cent  by  the  provisional  method  and  from  0.175  to  0.431  by  the  magnesium 
sulphate  method. 

(6)  Comparing  the  provisional  method  Avith  the  magnesium  sulphate  filtrate 
method  for  determining  albumin,  we  find  that  six  workers  obtained  more  albumin 
by  the  provisional  method  and  a  half  dozen  other  workers  obtained  more  by  the 
other  method.  However,  the  average  of  all  results  gives  albumin  by  the  provisional 
method  as  0.30  and  by  the  other  method  as  0.34  per  cent. 

(7)  Neither  of  the  methods  employed  above  seems  to  give  concordant  results  in 
the  hands  of  diff"erent  workers.     It  appears  that  the  methods  are  faulty. 

(8)  Mr.  Patrick  made  some  determinations,  in  which  he  comi)ared  the  rise  of  cold 
(room  temperature)  and  hot  water  in  washing  the  precijiitated  albuiuin.  With  both 
methods  under  discussion,  he  secured  higher  results  with  cold  water. 

Some  similar  determinations  have  been  made  in  the  Geneva  laboratory  on  other 
samples  of  milk  since  receiving  Mr.  Patrick's  results. 

With  the  provisional  method  we  found  very  little  difi'erence  in  the  use  of  hot  or 
cold  water,  the  slight  difi'erence  being  in  favor  of  hot  water. 

Results  in  ivashin<j  albumin. 


Treatmeni. 


Sample  A.     Sample  B. 


j     Percent.         Percent. 

Hot  water  (80  cc) 0.  300  0.  331 

Cold  water  (80  cc) .272  .312 

With  the  magnesium  sulphate  filtrate  method  we  found  the  reverse  true.  From 
special  work  which  we  have  done  since  sending  out  samjjles  it  seems  necessary  to 
wash  the  albumin  precipitate  with  saturated  solution  of  magnesium  sulphate  if 
reliable  results  are  to  be  secured. 

Hesults  in  washing  albumin. 

Treatment.  j   Sample  A.     Sample  B. 

Percent.  Percent. 

hashing  with  cold  water  (80  cc) 0. 163  0. 169 

Washiiig  with  hot  water  (80  cc) .119  .154 

Washing  with  magnesium  sulphate  solution .  38.^ 


MODIFIED    PROVISIONAL   METHODS    COMPARED. 

In  making  a  comparison  some  time  ago  between  the  provisional  and  modi  lied 
methods  for  determining  albumin  in  45  dilferent  milks,  the  provisional  method  gave 
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an  average  of  0.315  per  cent  of  albumin  and  the  modification  gave  an  average  of 
0.345  per  cent.  In  6  cases  of  the  45,  the  modification  gave  an  average  of  0.03  per  cent 
less;  in  9  cases  there  was  no  difi"erence,  and  in  30  cases  the  modification  gave  more 
by  amounts  varying  from  0.01  to  0.12  per  cent  and  averaging  0.05  per  cent. 

In  the  Geneva  laboratory  we  have  in  two  trials  with  different  samples  obtained 
slightly  higher  results  in  washing  with  cold  water. 

Iiesults  in  wasMnfj  alhumin. 


Treatment. 

Sample  A.      Sample  B. 

i 

Per  cent.     [    Per  cent. 
0.346                 0  387 

Washing  with,  hot  water  (80  cc)        .          

321  !                  371 

Determination  of  Water  in  Milk. 

The  phraseology  employed  in  describing  the  determination  of  water  in  milk  is 
decidedly  faulty.  It  came  about  from  a  condensation  of  two  methods  into  one  with- 
out preserving  the  essential  conditions  of  the  two  methods.  It  directs  to  heat  until 
apparently  dry  and  then  heat  for  one  hour  at  the  temperature  of  boiling  Avater. 
The  phrase  ''apparently  dry ''is  too  indefinite.  The  temperature  of  boiling  water 
is  not  necessarily  high  enough  to  complete  the  drying  in  one  hour,  unless  we  are 
where  the  boiling  point  is  close  to  100°  C.  When  we  use  a  steam-drying  oven,  as 
so  many  do,  the  temperature  rarely  reaches  100°  C. 

In  a  large  number  of  determinations  we  found  that  when  we  used  a  steam  oven  it 
required  from  one  and  one-half  to  two  hours  to  evaporate  to  constant  weight  with 
sand  and  from  two  to  two  and  one- half  hours  or  longer  without  sand,  other  con- 
ditions being  uniform.  The  use  of  a  water  bath  sometimes  gave  more  rapid  drying 
than  the  steam  oven,  and  sometimes  not. 

The  method  should  be  more  elastic  as  to  time  of  drying  and  should  be  to  constant 
weight  rather  than  for  a  fixed  time. 

Methods  for  Detection  of  Adulterations  in  Dairy  Products. 

It  has  not  been  the  referee's  design  to  make  any  attempt  at  an  exhaustive  con- 
sideration of  this  subject.  The  number  and  kinds  of  adulterants  actually  used  in 
milk  and  its  products  are  comparatively  few.  It  would  be  a  waste  of  time  to  treat 
of  forms  of  adulteration  which  are  possible,  but  which  are  rare  in  actual  occurrence. 

An  attempt  has  been  made  to  give  sttindards  in  a  broad  way.  These  may  be  open 
to  objection  as  presented,  but  they  will  invite  discussion  and  will  result,  it  is  hoped, 
in  a  consensus  of  opinion  more  important  than  any  other  that  has  been  put  on  record 
in  this  country  in  reference  to  a  somewhat  vexatious  field. 

So  far  as  it  is  deemed  desirable,  the  referee  has  tried  the  tests  recommended  and 
not  already  a  part  of  the  association's  methods,  and  given  only  those  which  were 
found  to  work  in  his  hands. 

Detection  of  Adulterations  of  Milk. 

(1)  Forms  of  adulteration . — There  are  three  kinds  of  adulteration  in  milk  which 
are  common:  First,  addition  of  water;  second,  removal  of  fat  or  addition  of  skim 
milk;  and,  third,  addition  of  preservatives,  most  prominent  among  these  being 
borax,  boracic  acid,  and  formaldehyde. 

(2)  Methods  of  detection. — In  general,  it  may  be  said  that  the  specific  gravity  test 
by  itself  furnishes  very  little  evidence  in  regard  to  the  purity  of  milk.  As  regards 
the  detection  of  watering  or  skimming,  the  question  becomes  one  mainly  of  the  inter- 
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pretatioii  of  results  secured  by  a  determination  of  fat  or  solids  or  both,  in  tlie  li^ht 
of  a  State  legal  standard.  The  chemical  methods  are  detailed  under  the  analysis 
of  milk. 

(a)    DETECTION'    OF    F<  )JiMALDEIlYDE. 

(1)  When  milk  contains  not  less  than  1  part  of  formaldehyde  in  19,000  parts,  a 
violet  or  l)luish  color  is  formed  by  pouring  the  milk  into  a  test  tube  containing  con- 
centrated sulphuric  acid  in  which  there  is  present  a  trace  of  ferric  chloric!.  The 
color  forms  at  the  junction  of  the  two  li(|uids. 

(2)  When  small  quantities  of  formaldehyde  arc  present,  distill  the  milk  until  a  dis- 
tillate of  several  cubic  centimeters  is  obtained.  To  this  distillate  add  one  drop  of 
a  very  dilute  aqueous  solution  of  phenol  and  pour  the  mixture  upon  eoncentrated 
sulphuric  acid  in  a  test  tube.  A  bright  crimson  color  appears  at  the  zone  of  contact. 
This  is  readily  seen  when  the  milk  contains  as  little  as  1  part  of  formaldehj^de  in 
200,000  parts.  If  the  proportion  be  greater  than  1  to  100,000,  there  is  above  the  red 
ring  a  white  milky  zone,  and  if  more  concentrated  there  will  be  a  white  or  pinkish 
curdy  precipitate. 

(b)    DETECTION   OF   BORAX    AND    I'.ORACIC    ACID. 

(1)  On  a  porcelain  surface  place  one  drop  of  milk,  two  drops  of  strong  hydrochlo- 
ric acid,  and  two  drops  of  fresh,  saturated,  turmeric  tincture  (or  turmeric  powder). 
Dry  on  water  bath;  remove  as  soon  as  dry  ;  cool,  and  add  one  drop  of  ammonia  with 
a  glass  rod.  A  slaty-blue  color  forms,  changing  to  green.  This  detects  1  part  of 
borax  in  1,000  parts  of  milk.  When  the  amount  is  less,  the  test  gives  a  green  but 
not  a  blue  tint. 

This  method  may  be  carried  out  also  as  follows:  Incinerate  a  few  drops  of  milk; 
treat  with  a  little  water;  make  just  acid  with  hydrochloric  acid;  add  a  few  drops 
of  turmeric  solution,  and  evaporate  to  dryness  in  a  porcelain  dish.  Moisten  with 
dilute  ammonia.     A  dark-blue  solution  forms,  rapidly  disappearing. 

(2)  Evaporate  one  or  two  drops  of  milk  with  an  equal  quantity  of  fresh,  saturated, 
turmeric  tinctiu-e.  Then  add  one  drop  of  strong  hydrochloric  acid,  drawing  acid 
over  residue  with  a  glass  rod.  Apply  heat  again  for  a  few  seconds,  when,  if  either 
borax  or  boracic  acid  be  present,  a  color  is  formed,  ranging  from  pink  to  dark  red. 
Cool,  and  confirm  presence  of  borates  by  adding  a  drop  of  ammonia. 

(3)  Chtmkal  standards  of  puriiij  for  milk. — The  standards  for  pure  milk  vary  widely 
in  the  dilierent  States.  In  some,  fat  alone  is  fixed;  in  others,  total  solids  alone;  in 
still  others,  both  fat  and  solids  are  fixed;  while  in  a  few  cases  total  solids  and  solids- 
not-fat  are  used.  No  State,  except  one  or  two,  has  a  standard  lower  than  3  per  cent 
for  fat  and  12  per  cent  total  solids.  In  some  of  the  countries  and  municipalities  of 
Europe,  the  lowest  limit  of  fat  is  fixed  as  2.5  per  cent  and  of  total  solids  as  11.5  per 
cent.  It  is  safe  to  say  that  while  the  milk  of  some  herds  of  cows  may  occasionally 
fall  below  3  per  cent  in  fat,  and  more  often  below  12  per  cent  in  solids,  still  milk 
containing  less  than  3  per  cent  of  fat  and  11.5  of  solids  at  the  same  time  is  open  to 
suspicion  as  having  been  watered.  Milk  in  which  the  total  nitrogen  compounds 
(total  nitrogen  multiplied  by  6.25)  are  equal  to  the  fat  may  be  safely  regarded  as 
having  been  skimmed  or  diluted  with  skimmed  milk.  Milk  containing  any  form  of 
preservative  or  coloring  matter  is  in  most  States  regarded  as  adulterated. 

Detection  of  Adulterations  of  Butter. 

(1)  Forms  of  adulteration. — The  most  common  adulteration  of  butter  is  substitu- 
tion, in  part  or  whole,  of  fat  other  than  butter-fat.  Occasionally  preservatives  are 
found,  such  as  occur  in  milk.  Excessive  water  or  casein  should  be  regarded  as 
adulteration. 

(2)  Methods  of  detection, — The  methods  commonly  employed  for  detecting  fats  for- 
eign to  pure  butter  are  given  in  Bulletin  Xo.  46,  Department  oi  Agriculture,  Divi- 
sion of  Chemistry,  on  jtages  26  to  35. 

15603 — Xo.  51 8 
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■  (3)  Standard  of  purity  for  'butter. — The  percent  of  fat  in  butter  should  reach  80. 
Water  should  not  exceed  18  per  cent,  and  preferably  should  keep  down  to  15.  Nitro- 
gen compounds  should  not  go  much  above  1  per  cent. 

For  the  purpose  of  determining  the  purity  of  butter-fat.  the  following  processes 
are  usually  regarded  as  most  helpful,  their  value  ranking  in  the  order  given : 

(1)  Determination  of  Reichert-Meissl  number — that  is,  the  number  of  cubic  centi- 
meters of  one-tenth  normal  solution  required  to  neutralize  completely  the  volatile 
acids  obtained  from  5  grams  of  fat.  When  this  number  falls  below  25,  the  sam- 
ple is  open  to  suspicion;  and  when  it  falls  to  23  or  below,  the  sample  is  usually 
condemned. 

(2)  Determination  of  specific  gravity  at  40°  C.  When  this  falls  below  0.91,  it 
indicates  cause  for  suspicion,  and  should  be  considered  with  other  factors. 

(3)  Determination  of  the  saponification  equivalent  or  Koettstorfer's  number — that 
is,  the  number  of  milligrams  of  KOH  neutralized  in  saponifying  one  gram  of  fat. 
This  should  not  be  under  220. 

(4)  Determination  of  the  insoluble  fat  acids,  expressed  as  Hehner's  number,  which 
is  the  number  of  parts  of  insoluble  fat  acids  in  100  parts  of  fat.  In  pure  butter-fat 
this  number  rarely  goes  above  89,  but  has  been  found  as  high  as  90. 

Detection  of  Adulterations  of  Cheese. 

(1)    FORMS    of   adulteration. 

There  are  only  two  kinds  of  adulteration  in  cheese  which  are  common :  First,  the 
use  of  fat  other  than  milk-fat,  producing  the  so-called  filled  cheese;  and  second,  the 
removal  of  fat  in  varying  degrees,  producing  so-called  skim  cheese. 

(a)  Filled  cheese  is  made  from  a  mixture  consisting  of  separator  skim  milk  mixed 
in  an  intimate  way  with  liquid  fats  or  oils  derived  from  the  fat  of  swine  and  cattle. 
Hence,  the  chemical  means  most  commonly  used  for  detecting  filled  cheese  are  the 
same  as  are  employed  in  detecting  adulterated  butter. 

Since  the  amount  of  fat  which  can  be  mechanically  held  by  skim  milk  is  less  than 
3  per  cent,  there  will  be  found  in  filled  cheese  a  larger  amount  of  casein  in  propor- 
tion to  fat  than  is  found  in  whole  milk  cheese. 

(ft)  Skim  milk  cheese  made  from  milk  which  has  been  skimmed  enough  to  pay  can 
readily  be  detected  by  the  relation  of  fat  to  nitrogen  compounds  or  to  solids-not-fat, 
or,  less  certainly,  by  the  amount  of  fat  in  cheese. 

(2)  methods  of  detection. 

(1)  Preparation  of  sample.  Henzold's  method,  as  described  by  Wiley,  in  Princi- 
ples and  Practice  of  Agricultural  Analysis,  is  as  follows :  ''The  cheese,  iu  quantities 
of  about  300  grams,  is  cut  into  fragments  about  the  size  of  a  pea  and  treated  with 
700  cc  of  potash  lye,  which  has  previously  been  brought  to  a  temperature  of  about 
20°.  The  strength  of  the  lye  should  be  such  that  about  50  grams  of  the  caustic  pot- 
ash are  contained  in  each  liter  of  the  solution.  The  treatment  is  conveniently  con- 
ducted iu  a  wide-neck  flask  and  the  solution  of  the  casein  is  promoted  by  vigorous 
shaking.  After  from  five  to  ten  minutes  it  will  be  found  that  the  casein  is  dissolved 
and  the  fat  is  found  sw^imming  upon  the  surface  of  the  solution  in  lumps.  The 
lumps  of  fat  are  collected  in  as  large  a  mass  as  possible  by  a  gentle  shaking  to  and 
fro.  Cold  water  is  poured  into  the  flask  until  the  fat  is  driven  up  into  the  neck, 
whence  it  is  removed  by  means  of  a  spoon.  The  fat  obtained  in  this  way  is  washed 
a  few  times  with  as  little  cold  water  as  possible  in  order  to  remove  the  residue  of 
potash  lye  w^hich  it  may  contain.  Experience  shows  that  the  fat  by  this  treatment 
is  not  perceptibly  attacked  by  the  potash  lye.  In  a  short  time,  by  this  procedure, 
the  fat  is  practically  all  separated  and  is  then  easily  prepared  for  chemical  analysis 
by  filtering  and  drying,"  as  described  in  Bulletin  No.  46,  Division  of  Chemistry, 
United  States  Department  of  Agriculture,  page  27,  3-(a). 

The  fat  may  be  less  conveniently  obtained  from  the  cheese  by  reducing  the  par- 
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tially  dried  sample  to  a  finely  divided  state  and  applying  any  of  the  nsual  solvents. 
The  solvent  is  removed  from  the  extract  by  evaporation  and  the  residual  fat  is 
tiltered  and  prepared  for  examination  as  usual. 

The  fat  may  he  separated  also  in  the  following  manner:  The  cheese  is  ground  line 
by  cutting  into  strips  and  jiassing  through  a  meat-cutting  machine.  It  is  then  jdaced 
in  a  flask  and  warm  water  poured  upon  it  in  the  proportion  of  1  cc  for  each  gram  of 
cheese.  Agitate  thoroughly.  Add  slowly  in  small  (juantities  at  a  time  sulphuric 
acid  of  sp.  gr.  1.82  to  1.825,  agitating  thoroughly  after  each  addition  of  acid.  I'se 
in  all  an  amount  of  acid  equal  to  the  amount  of  water  used.  After  standing  a  few- 
minutes,  the  fat  separates  and  can  be  removed  by  use  of  a  separatory  funnel,  after 
which  it  can  be  washed  free  from  acid  and  then  filtered  and  dried. 

e 

(2)  Determination  of  Reichert-]Meissl  number,  Hehners  number,  etc.  See  Bul- 
letin No.  46,  pages  26  to  35,  United  States  Department  of  Agriculture,  Division  of 
Chemistry. 

(&)  Skim-milk  cheese. — Determine  the  per  cent  of  fat  and  of  nitrogen  compounds  or 
of  total  solids,  as  directed  in  Bulletin  Xo.  46,  page  37,  and  Circular  Xo.  2,  page  3, 
United  States  Department  of  Agriculture,  Division  of  Chemistry. 

3.  CHEMICAL  STANDARDS  OF  PURITY  FOR  CHEESE. 

(a)  Filled  cheese. — In  respect  to  purity  of  fat  in  cheese.  Dr.  Crampton  writes  the 
referee  as  follows:  '"I  have  no  hard  and  fast  standard,  being  guided  by  the  circum- 
stances in  each  case  and  by  the  results  obtained  from  other  tests,  if  the  Eeichert- 
]Meissl  figure  be  low.  Most  of  my  samples,  both  of  cheese  and  butter,  present  no 
difficulties.  The  English  standard  of  24  is  about  as  good  as  any,  in  my  opinion; 
though  I  would  not  condemn  a  cheese-fat  or  butter-fat  Avhicli  went  below  this,  if  it 
gave  normal  figures  by  other  tests." 

In  filled  cheese  the  proportion  of  fat  to  nitrogen  compounds  and  to  total  solids  falls 
below  that  of  whole-milk  cheese.  In  pure  cheese,  fat  rarely,  if  ever,  forms  less  than 
50  per  cent  of  the  total  solids,  and  in  relation  to  the  nitrogen  compounds,  fat  rarely 
falls  as  low  as  1.25  pounds  for  each  pound  of  nitrogen  compounds. 

(h)  Skim-milk  cheese. — When  the  per  cent  of  fat  in  cured  cheese  falls  below  32  or 
33,  there  is  ground  for  suspicion  that  it  is  skim-niilk  cheese.  But  a  more  reliable 
guide  is  the  relation  of  fat  to  total  solids  or  to  total  nitrogen  compounds  as  given 
above. 

Eecommexdations. 

The  referee  makes  the  following  recommendations: 

1.  That  the  provisional  method  for  determining  casein  in  cow's  milk  be  made  offi- 
cial, inserting  in  line  3.  page  2  (circular  Xo.  2),  after  "add,"  the  followiag  words; 
"  1  part  of  formaldehyde  to  2,.500  parts  of  milk  or,"  and  in  the  first  line  of  the  second- 
paragraph  substitute  the  word  "preservatives"  for  ''mercuric  chlorid." 

2.  That  the  modified  provisional  method  for  deteraiining  albumin  iujcow"s  milk  be 
substituted  as  a  provisional  method  for  the  present  provisional  method,  and  that 
further  cooperative  work  be  done  on  the  determination  of  albumin. 

3.  That  the  magnesium  sulphate  method  for  determining  casein  in  cow's  milk  be 
made  an  official  ojitional  method. 

4.  That  under  milk  analysis  (a)  (Bull.  Xo.  46)  the  phraseology  of  the  first  and 
second  sentences  be  changed  to  read  as  follows:  "  Heat  to  constant  weight  from  1 
to  2  grams  of  milk  in  a  tared  flat  dish,  having  a  diameter  of  not  less  than  5  centi- 
meters, containing  from  15  to  20  grams  of  pure  dry  sand,  or  without  sand,  at  the 
temperature  of  boiling  water" 

5.  That,  under  the  difierent  divisions  of  dairy  products,  in  the  assoeiation's 
methods  of  analy.sis,  tiiere  be  added  the  following  head  antl  subheads:  "Adultera- 
tions: (1)  Forms,  (2)  Methods  of  detection,  (3)  Standards  of  purity  :"  and  that  under 
each  be  incorporated,  in  briefest  form  i)racticable,  such  statenunits  as  may  hereafter 
be  decided  ujion  by  the  association. 
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CHANGES   RECOMMENDED   IN   METHODS   OF   MILK   ANALYSIS. 

(c)  Determination  of  nitrogen  compounds. 

(1)  Total  nitrogen  compounds. 

Place  in  Kjeldahl  digestion  flask  a  known  weight  (about  5  grams)  of  milk,  and 
proceed,  without  evaporation,  exactly  as  described  for  this  method  under  nitrogen, 
page  36,  Bull.  No.  46.  Multiply  the  percentage  of  nitrogen  by  6.25  for  nitrogen  com- 
pounds. 

(2)  Determination  of  casein  in  cow's  milk  by  precipitation  with  acetic  acid. 
When  it  is  not  practicable  to  make  the  determination  of  casein   in   cow's  milk 

within  twenty-four  hours  from  the  time  of  milking,  add  1  part  of  formaldehyde  to 
2,500  parts  of  milk,  or  1  part  of  mercuric  ohlorid  to  2,000  j^arts  of  milk,  and  keep  in 
a  cool  place. 

Weigh  about  10  grams  of  milk,  dilute  in  a  beaker  with  about  90  cc  of  water  at  40° 
to  42°,  and  add  at  once  1.5  cc  of  a  solution  containing  10  per  cent  of  acetic  acid 
by  weight.  Stir  with  a  glass  rod  and  let  stand  from  three  to  five  minutes  longer. 
Theu  decant  on  filter,  w^ash  two  or  three  times  with  cold  water  by  decantation,  and 
then  transfer  j)recipitate  completely  to  filter.  Wash  once  or  twice  on  filter.  The 
filtrate  should  be  clear,  or  very  nearly  so.  If  the  filtrate  be  not  clear  when  it  first 
runs  through,  it  can  generally  be  made  so  by  two  or  three  repeated  filtrations,  after 
which  the  washing  of  the  precipitate  can  be  completed.  The  washed  precipitate 
and  filter  paper  are  then  digested  as  in  the  regular  Kjeldahl  method  for  the  deter- 
mination of  nitrogen,  and  the  process  is  completed  as  usual.  To  calcnlate  the 
nitrogen  into  an  equivalent  amount  of  casein,  multiply  the  per  cent  of  nitrogen 
by  6.25. 

In  working  with  milk  which  has  been  kept  with  preservatives,  the  acetic  acid 
should  be  added  in  small  portions,  a  few  drops  at  a  time,  with  stirring,  and  the 
addition  continued  until  the  liquid  above  the  precipitate  becomes  clear,  or  very 
nearly  so. 

(3)  Determination  of  casein  in  cow's  milk  by  precipitation  with  magnesium 
suljjhate. 

Prepare  a  saturated  solution  of  nitrogen-free  magnesium  pulphate  at  a  tempera- 
ture of  40°  to  45°  C.  Add  50  cc  of  this  solution  to  about  5  grams  of  milk  and  heat 
the  mixture  to  from  40°  to  45°  C.  until  the  jirecipitate  completely  separates,  leaving 
the  surrounding  liquid  clear.  The  x>recipitate  is  filtered  and  washed  two  or  three 
times  with  the  warm  saturated  solution  of  magnesium  sulj^hate  and  then  treated 
by  the  Kjeldahl  method  for  the  determination  of  nitrogen. 

This  method  usually  gives  0.1  to  0.2  per  cent  more  of  casein  than  the  ]3receding, 
but  the  filtration  is  very  tedious  and,  except  when  exceeding  accuracy  is  required, 
the  precipitation  by  acetic  acid  is  sufficiently  accurate  for  most  purposes. 

(4)  Provisional  method  for  the  determination  of  albumin  in  cow's  milk. 

The  filtrate  obtained  above  in  separating  casein  by  acetic  acid  precipitation  is  just 
neutralized  by  nitrogen-free  caustic  alkali.  Then  add  0.3  cc  of  a  10  per  cent  solution 
of  acetic  acid  and  place  in  a  w^ater  bath,  heated  to  the  boiling  temperature  of  water, 
until  the  albumin  separates,  leaving  a  clear  solution.  The  filtered  and  w^ashed  pre- 
cipitate is  then  treated  by  the  Kjeldahl  method  for  determining  nitrogen.  The 
amount  of  nitrogen  multiplied  by  6.25  gives  the  amount  of  albumin. 

(a)  Determination  of  water. 

(1)  Evaporation  in  open  dish. 

Heat  to  constant  weight  from  1  to  2  grams  of  milk  in  a  tared  flat  dish,  having  a 
diameter  not  less  than  5  centimeters,  containing  from  15  to  20  grams  of  pure  dry 
sand,  or  without  sand,  at  the  temperature  of  boiling  water.  Cool  in  a  desiccator, 
and  weigh  rapidly  to  avoid  absorption  of  hygroscopic  moisture. 

(2)  Babcock  asbestus  method.     (Unchanged.) 
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rOOD  ADULTERATION. 

By  W.  D.  BiGELOW,  lie/erec,  and  W.  S.  Sweetskh,  AnHociate  J^eferee. 

Mr.  Bigelow,  referee  on  fermented  and  distilled  li(|nors,  read  the 
folloNYing  report: 

At  the  last  meeting  of  the  association  yonr  referee  was  instructed  to  discontinue 
work  for  the  present  in  the  line  of  fermented  and  distilled  heverages,  iind  to  report 
methods  for  the  determinatioa  of  food  adulterauts.  It  has  not  been  found  possible 
to  include  the  whole  subject  of  food  adulteration,  but  methods  have  been  compiled, 
with  the  collaboration  of  Mr,  W.  S.  Sweetser,  the  associate  referee,  for  the  following 
classes  of  foods:  Flour,  bread,  mustard,  pepi^er,  cayenne,  ginger,  cinnamon,  cloves, 
allspice,  nutmeg,  mace,  cream  of  tartar,  baking  powder,  vinegar,  canned  foods, 
wine,  beer,  and  cider.  A  separate  chapter  is  also  devoted  to  the  detection  of 
preservatives. 

Flour  and  Meal. 

Flour  is  a  finely  divided  and  bolted  product  of  a  single  cereal.  Meal  is  more 
coarsely  ground,  is  not  bolted,  and  in  the  case  of  barley  is  prepared  from  the 
u nil n lied  grain. 

The  forms  of  adulteration  to  be  expected  are:  Admixture  with  mineral  matter  to 
increase  the  weight  of  the  iiour,  or  with  alum  to  improve  its  physical  appearance; 
and  the  addition  of  dour  or  meal  from  the  cheaper  cereals.  The  tiour  may  also  con- 
stain  seeds  of  weeds,  such  as  cockle  (Lychnis  f/ithago)  and  purple  cow  wheat  (Melam- 
pip'um  arcense);  its  water  content  may  be  too  high;  it  may  be  more  or  less  decom- 
posed, or  it  may  be  made  from  a  grain  affected  Avith  fungi. 

In  examining  flour  for  adulterations,  the  percentages  of  ash,  fiber,  ether  extract, 
and  proteids  are  all  of  value.  The  table  below  gives  the  extreme  percentages  of 
these  compounds.  It  must  be  understood  that  this  table  is  only  provisional,  audit 
will  fre(|uently  happen  that  products  which  are  not  adulterated  will  not  fall  within 
these  limits.  At  the  same  time  it  is  believed  that  all  samples  of  first-class  flour  aud 
meal  should  do  so. 

Comi)osition  of  jionrs  and  meals. 
[Calculated  to  water  free  substances.] 


Flours  and  meals. 


"VV  beat  flour 

Eye  flour 

Buckwbeat  flour 

Barley  flour 

Pea  flour 

Bean  flour 

Vftcb  flour 

Rice  flour 

Potato  flour 

Grabaui  (loui- 

Barley  meal 

Oatuical 

Corn  (luaize)  meal. . 
Pearled  barley  meal 


Moisture. 


Max.    Min 


Fr.  ct. 

15.0 
14.0 
18.0 
15.0 
15.0 
17.0 
16.0 
15.0 
14.0 
15.0 
15.0 
10.0 
18.0 
15.0 


Pr.  el 

9.0 

12.0 

12.5 

10.0 

8.0 

10.0 

10.0 

10.0 

9.0 

11.0 

10.0 

6.0 

8.0 

10.0 


Ash. 


Max.    Min 


Pr.  ct. 
0.8 
1.5 
1.5 
2.0 
3.2 
4.0 
3.5 
.6 
6.5 
2.2 
4.5 
2.4 
4.5 
2.0 


Pr.ct. 

0.3 

.5 

.8 

1.0 

2.8 

3.0 

1.6 

.3 

3.0 

1.8 

1.7 

2.0 

1.0 

1.0 


Proteids 
n.  X  6.25. 


Fiber. 


Max. 


Pr.  ct. 

15.0 

1.0 

9.5 

12.0 

25.0 

26.0 

35.0 

10.0 

13.0 

15.0 

17.0 

18.0 

1.5 

12.0 


Min.  j  Max. 


Pr.  ct. 

8.0 

6.0 

5.0 

8.5 

21.0 

22.0 

30.0 

7.0 

6.0 

10.0 

9.0 

14.0 

8.0 

8.5 


Pr.  ct 

1.0 

0.6 

.6 

.6 

20.  0 

4.0 


.4 
4  5 
2.4 
8.0 
1.4 
3.5 


Min. 


Pr.ct. 

0.1 

.4 

.3 

.3 

12.5 

3.5 


.1 

1.5 

2.0 

6.5 

.7 

.7 

.3 


Ether  ex-    ,   Nitrogen- 
free  ex  tract. 


Max.   Min 


Pr.  ct. 
2.0 
1.0 
2.0 
2.0 
2.0 
2. 5 
2.5 
0.6 


Pr.ct 
0.5 


Max.    Min 


Pr.  ct. 

90.0 

92.0 

93.0 

.  5  I  92.  0 

1.0  I  60.0 

1.5  I  70.0 

1.5    

.  3  90.  0 
.3  90.0 
1.9  72.0 
1.7  '  78.0 
6.5  j  76.0 
2.5  1  8C.  0 
.5     87.0 


Pr.  ct. 
82.0 
88.0 
84.0 
87.0 
55.  0 
65.0 


8:>.  0 
75.  0 
70.  0 
72.0 
72.  0 
63.0 
92.  0 
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Wheat  flour  is  subjected  to  a  far  greater  amount  of  adulteration  than  all  other 
flours  and  meals.  It  will  therefore  be  of  the  greatest  importance  to  give  this  prod- 
uct especial  attention.  In  its  physical  characteristics  wheat  flour  is  a  white,  fine 
powder  with  only  the  slightest  yellow  tinge.  To  judge  of  the  color  the  sample 
should  be  examined  in  thin  layers  with  a  light  not  too  strong.  The  flour  should  be 
free  from  acidity  and  its  odor  sweet  and  agreeable.  When  pressed  with  a  smooth 
surface  no  bran  should  be  revealed  to  the  naked  eye  or  the  lens.  The  hand  plunged 
into  it  should  not  experience  a  cooling  eflect.  When  pressed  in  the  hand  it  shouhl 
retain  its  shape  for  some  time.  A  microscopic  examination  should  reveal  no  foreign 
matter  such  as  starches  of  other  cereals,  fungi,  or  weed  seed.  The  a<j[ueous  extract 
should  not  exceed  5  per  cent. 

It  is  probable  that  the  adulteration  of  flour  with  mineral  matter,  for  the  sake  of 
increasing  its  weight,  is  now  scarcely  practiced  in  this  country  at  all.  It  can  readily 
be  detected,  however,  by  an  abnormally  high  ash,  and  the  qualitative  examination 
of  the  ash  will  reveal  the  nature  of  the  mineral  used  for  adiilteration. 

DETECTION  OF  ALUM  AND  SAND, 

Mix  50  grams  of  flour  with  water  to  form  a  thin  paste,  and  then  a  few  drops  of  a 
freshly  prepared  solution  of  logwood  in  alcohol.  The  mixture  is  then  made  alkaline 
with  ammonium  carbonate.  The  jiresence  of  alum  will  be  indicated  by  the  forma- 
tion, sometimes  after  several  hours,  of  a  lavender-bine  colored  lake.  Blyth  prefers 
to  immerse  a  strip  of  gelatin  for  twelve  hours  in  a  cold  aqueous  extract  of  the  flour 
and  subsequently  in  an  alcoholic  tincture  of  logwood,  made  alkaline  Avith  ammo- 
nium carbonate.!  xhe  following  method  is  often  preferable.  Place  200  grams  of 
the  sample  in  a  separatory  funnel  and  shake  with  a  sufficient  amount  of  chloroform. 
Allow  to  stand  overnight  and  carefully  remove  mineral  matters,  alum,  etc.,  through 
the  stopcock.  The  deposit  may  be  further  purified  by  shaking  a  second  time  with 
a  small  portion  of  chloroform.  It  is  then  transferred  to  a  watch  glass  with  as  little 
chloroform  as  possible  and  the  chloroform  evaporated,  the  alum  dissolved  in  water 
and  again  obtained  by  crystallization,  the  crystalline  form  being  noted.  The 
aqueous  solution  may  also  be  tested  with  barium  chlorid  and  Nessler's  solution. 
The  portion  of  the  sediment  insoluble  in  water  may  then  be  examined  microscopic- 
ally and  its  nature  determined. 

DETECTION   OF   FOREIGN   CEREALS. 

Flour  which  is  adulterated  with  products  manufactured  from  cheaper  cereals  pre- 
sents a  much  more  difficult  field.  The  most  satisfactory  method  of  examining  it  is 
by  means  of  a  microscope. 

A  very  important  method  for  the  detection  of  such  adulterants  is  that  for  the 
estimation  of  gluten.  In  this  determination,  10  grams  of  the  flour  are  mixed  with 
sufficient  water  to  make  a  stiff  dough  and  allowed  to  stand  for  one  hour.  It  is  then 
kneaded  in  the  hand  or  in  a  piece  of  linevi  cloth  in  a  vessel  of  water  or,  better,  under 
a  faucet,  until  the  water  which  is  pressed  from  the  gluten  is  clear.  The  glutei)  thus 
prepared  while  fresh  should  have  a  very  light  yellow  color — should  be  tough  and 
of  such  consistency  that  it  can  be  pulled  out  to  a  thread. 

As  a  rule,  the  whiter  the  gluten  while  still  iu  the  moist  state  the  better  the  quality 
of  the  flour.  As  the  color  approaches  gray  and  red  the  flour  becomes  of  a  more 
inferior  quality  and  less  digestible,  if  indeed  it  be  not  adulterated  with  flours  manu- 
factured from  other  cereals.  The  gluten  from  good  flour  on  being  quickly  heated 
to  the  temperature  of  about  150°  C,  swells  and  assumes  the  appearance  of  bread. 
Good  flour  should  contain  from  25  to  40  per  cent  of  moist  gluten  and  from  10  to  18 
per  cent  of  dry  gluten.     (Dried  at  100°  C.) 

!  A  gram  of  finely  divided  logwood  chips  is  digested  for  eight  or  ten  hours  in  25 
cc  of  alcohol,  and  to  10  cc  of  the  alcoholic  solution  150  cc  of  water  and  10  cc  of 
saturated  ammonium  carbonate  solution  are  added. 


Ill) 

Gluten  ol>tainecl  from  a  mixture  of  wheat  and  rye  flour  is  dark  and  viscous,  wlib- 
ont  homogeneity  ;  from  a  mixture  of  wheat  aud  harley  liours,  dark,  nonvi.scous,  or  a 
dirty,  reddish-hrown  color;  froni  a  mixture  of  wheat  and  oats,  dark  yellow;  from 
a  mixture  of  wheat  aud  maize,  yellowish  and  nonelastib. 

The  gluten  obtained  from  wheat  flour  which  has  heeu  mixed  witli  leguminous  flour 
varies  in  color  from  a  grayish  red.  in  the  case  of  vetch  or  Leans,  to  green  in  the  ca^e 
of  i)eas,  and  has  the  characteristic  odor  and  taste  of  leguminous  products. 

DETECTION   OF    LEGUMINOUS   FLOURS. 

The  ash  of  leguminous  flour  is  very  deliquescent,  is  high  in  chlorids,  and  turns; 
turmeric  paper  brown ;  cereal  ash  is  the  reverse.  The  aqueous  extract  of  the  legumi- 
nous flour  is  extremely  acid,  while  that  of  cereal  flour  is  faintly  alkaline.  If  thts 
filtrate  from  the  gluten  determination  of  flour  containing  leguminous  flour  be  made 
alkaline  with  ammonia,  allowed  to  stand  overnight,  and  the  clear  liquid  decanted, 
the  addition  of  dilute  mineral  acid  will  precipitate  legumin. 

DETECTION  OF  POTATO  FLOUR. 

Rub  a  portion  of  flour  vigorously  in  a  mortar  until  a  stiff  paste  is  obtained,  thin 
with  more  water,  filter  and  test  the  clear  liltrate  with  a  drop  of  a  dilute  solution  of 
iodiu.  In  the  presence  of  potato  flour  a  deep  bine  color  is  produced,  while  if  only 
wheat  flour  l)e  present  the  resulting  color  is  yellow  or  light  orange.  If  a  mixture  of 
cereal  flour  and  potato  flour  be  dried,  spread  in  a  thin  layer  on  a  glazed  black  surface, 
and  examined  with  a  lens,  the  potato  flour  is  indicated  by  bright  and  glassy  jjarti- 
cles  in  the  otherwise  dull  white  substance, 

ALCOHOLIC    EXTRACT, 

Vogel  extracts  the  flour  with  70  per  cent  of  alcohol,  to  which  5  per  cent  of  hydro- 
chloric acid  have  been  added.  The  extract  is  colorless  if  the  flour  consist  only  of 
wheat  or  rye,  pale  yellow  if  adulterated  with  barley  or  oats,  orange  yellow  with  pea 
flour,  purple  red  if  made  from  mildewed  wheat,  and  blood  red  if  made  from  ergotized 
wheat. 

DETECTION    OF    ERGOT. 

The  examination  of  flour  for  ergot  ruay  be  preceded  by  a  general  preliminary  test 
to  determine  whether  the  flour  has  been  damaged  by  any  form  of  fungus,  ^'ogel 
directs  to  stain  the  sample  of  the  flour  with  analiu  violet  and  examine  with  the 
microscope.  If  the  .starch  granules  have  been  injured  by  any  fungus  they  will  be 
found  to  be  thoroughly  stained.  For  the  presence  of  ergot  or  similar  fungi,  as  indi-  , 
cated  by  this  test,  l»oth  of  the  following  methods  should  be  used.  If  the  presence  of 
damaged  starch  granules  be  indicated  by  this  test  one  of  the  following  methods  may 
be  employed : 

First  method. — Twenty  grams  of  the  sample  are  digested  with  boiling  alcohol  as 
long  as  any  color  is  extracted.  The  solution  is  then  treated  with  1  cc  of  sulphuric 
acid  (1 : 3).  The  presence  of  ergot  will  color  the  solution  red,  and  if  the  solution  be 
diluted  with  quite  a  volume  of  water  the  red  coloring  matter  may  be  extracted  from 
separate  portions  by  means  of  chloroform,  ether,  benzine,  or  amyl  alcohol. 

Second  method. — Ten  grams  of  the  flour  under  examination  are  digested  fur  about 
thirty  minutes  with  a  mixture  of  20  cc  of  ether  and  10  drops  of  dilute  sulphuric  arid 
(1:5);  filter,  and  wash  with  ether  until  the  filtrate  amounts  to  15  cc.  The  filtrate 
is  then  shaken  with  5  drops  of  a  saturated  solution  of  sodium  bicarbonate.  The 
chlorophyll  remains  dissolved  in  the  ether  and  the  sodium  bicarbonate  solution 
remains  clear  if  the  flour  be  from  sound  grain,  but  takes  on  a  deeji  violet  color  if 
ergot  be  present. 

DETECTION    OF    RICE    IN    BUCKWHEAT   FLOUR. 

When  pure  buckwheat  is  mixed  with  water  into  a  thin  paste  the  addition  of  cal- 
cium hydroxid  gives  a  dark  green  color,  which  becomes  red  when  acidified  with 
hydrochloric  acid.     Rice  flour  with  the  same  treatment  gives  a  yellow  color  with 
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potassinm  liydroxid  and  white  with  hydrochloric  acid.  A  mixture  of  buckwheat 
and  rice  flours  made  into  paste  is  changed  to  a  light  green  color  hy  potassium 
hydroxid  and  becomes  flesh  colored  when  aciditied  with  hydrochloric  acid 

Bread. 

The  examination  of  bread  for  adulterants  is  very  similar  to  the  examination  of 
flour.  The  more  common  adulterants  are  cheaper  flours  or  meals  and  damaged  flour. 
The  addition  of  alum  to  bread  is  also  frequently  practiced,  and  instances  of  the 
addition  of  quite  an  amount  of  copper  sulphate  and  zinc  sulphate  arc  not  wanting. 
The  presence  of  one-tenth  of  a  gram  of  alum  in  a  one-pound  loaf  will  be  detected 
by  immersing  a  thin  slice  of  bread  in  the  alkaline  logwood  solution  described  on 
page  118  and  allowing  it  to  dry  in  the  air.  An  evident  blue  color  appears  after  from 
two  to  four  hours.  The  presence  of  more  than  0.03  per  cent  of  alum  may  be  detected 
by  immersing  a  strip  of  gelatin  for  ten  or  twelve  hours  in  the  aqueous  extract  of  the 
bread  and  then  in  the  logwood  solution  described  on  page  118.  The  aqueous  extract 
is  made  by  digCvSting  150  grams  of  the  dry  ground  bread  for  one  or  two  days  in  two 
or  three  liters  of  water,  then  straining  the  mixture  through  a -bag  filter,  using 
vacuum  if  necessary,  and  concentrating  by  evaporation  to  a  small  volume. 

QUANTITATIVE   ESTIMATION   OF   ALUM. 

The  ash  of  200  grams  of  bread  is  treated  with  hot  hydrochloric  acid,  hot  water 
added  and  the  mixture  filtered.  The  filtrate  is  treated  with  a  strong  excess  of 
sodium  hydroxid,  boiled  again,  filtered,  and  washed.  The  filtrate  thus  obtained  is 
treated  with  a  few  drops  of  sodium  phosphate,  acidified  with  hydrochloric  acid,  and 
the  aluminum  phosphate  precipitait-ed  with  a  slight  excess  of  ammonium  hydroxid. 
The  silica  is  also  estimated  in  a  separate  portion  of  the  ash.  Aluminum  compounds 
commonly  occur  in  the  ash  of  flour,  especially  in  inferior  flour,  but  probably  in  the 
form  of  silicate,  and  in  these  compounds  the  amount  of  silica  present  is  approxi- 
mately equal  to  the  amount  of  alum  corresponding  to  the  aluminum  present;  there- 
fore the  weight  of  added  alum  may  be  obtained  by  subtracting  the  weight  of  silica 
from  that  of  alum.  One  part  of  aluminum  phosphate  is  equal  to  3.733  parts  of 
ammonium  alum  and  to  4.481  parts  of  potassium  alum. 

Copper  sulphate  may  be  detected  in  bread  by  immersing  a  thin  slice  in  a  very 
dilute  solution  of  potassium  ferrocyanid,  made  acid  with  acetic  acid.  In  the  detec- 
tion of  foreign  flours  the  methods  given  under  flour  and  meal  may  be  employed,  but 
it  must  be  remembered  that  the  starch  granules  are  to  a  large  extent  destro^^ed  in 
the  process  of  baking,  so  that  their  detection  by  means  of  the  microscope  is  a  very 
difficult  matter,, and  with  the  exception  of  potato  starch  is  often  almost  impossible. 

The  composition  of  any  variety  of  bread  should  be  approximately  the  same  as  that 
of  the  flour  from  which  it  is  manufactured  (see  page  117),  with  the  exception  of  the 
ash  and  ether  extract.  The  former  will  be  from  0.7  per  cent  to  1.5  per  cent  higher, 
owing  to  the  addition  of  sodium  chlorid,  while  the  latter  is  often  considerably 
increased  by  the  use  of  lard.  The  amount  of  lard  added,  however,  should  not 
exceed  5  per  cent,  of  the  weight  of  the  bread.  The  amount  of  moisture  in  wheat 
bread  should  not  exceed  45  per  cent,  and  v/ill  more  commonly  be  between  30  and  40 
per  cent.  If  the  bread  be  manufactured  from  flour  which  is  adulterated  with  potato 
flour  or  rice  flour,  or  if  mashed  potatoes  be  added  to  the  dough,  the  amount  of 
moisture  will  greatly  exceed  these  limits,  and  the  bread  will  often  be  of  a  clammy 
consistency. 

The  presence  of  fungi  and  of  flours  which  have  been  damaged  by  their  action  may 
be  recognized  by  the  methods  which  are  given  for  their  detection  in  flour. 

Spices  and  Condiments. 

MUSTARD. 

The  adulterants  which  are  sometimes  found  in  mustard  are  wheat  flour,  potato 
flour,  linseed  meal,  gypsum,  and  clay,  for  the  purpose  of  increasing  the  weight; 
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certain  seeds,  such  as  radish,  rape,  Sinajiis  arvensis,  cayenne,  ginger,  and  possibly 
gamboge,  for  the  purpose  of  increasing  weight  and  also  of  imparting  something  of 
a  davor;  and  turmeric  and  martins  yellow,  and  possibly  yellow  ocher  and  certain 
chromates,  for  the  jiurpose  of  imparting  color.  If  the  adulterant  belong  to  the  first 
class  mentioned  it  will  be  impossible  to  identify  it  except  by  the  use  of  the  micro- 
scope. The  presence  of  any  flour  containing  much  starch,  however,  can  be  detected 
by  boiling  2  grams  of  the  sample  in  a  few  cubic  centimeters  of  distilled  water  for 
ten  minutes,  cooling  and  adding  a  few  drops  of  iodin  solution.  The  formatitm  of  a 
blue  color  indicates  the  addition  of  some  starch  or  flour.  Pure  mustard  gives  no 
reaction  with  iodin. 

The  presence  of  adulterants  can  also  freijuently  be  proved  and  in  many  instances 
the  extent  of  adulteration  be  shown  by  chemical  analysis,  although,  except  in  the 
case  of  adulteration  by  means  of  mineral  substances,  the  nature  of  the  adulterant 
can  not  be  shown.  The  following  limits  of  analysis  will  probably  include  all  first- 
class  ground  mustards  and  almost  all  pure  ground  mustards: 

Per  cent. 

Moisture 3  to    8 

Ash  4  to    7 

Ether  extract 31  to  .37 

Fiber 4  to    6.  5 

Aqueotts  extract 30  to  38 

Sulphur 1  to    1.6 

It  frequently  happens  that  the  ether  extract  will  be  found  considerably  below  the 
limits  given,  since  the  removal  of  a  i)ortion  of  the  oil  is  often  practiced,  some  houses 
claiming  that  the  mustard  keeps  l:)etter  if  a  portion  of  the  oil  be  removed.  Instances 
are  recorded  also  of  mustards  having  a  fiber  content  of  from  15  to  17  per  cent.  A  sam- 
ple exceeding  the  limits  given,  however,  is  to  be  regarded  Avith  suspicion.  The  color 
of  pure  mustard  is  a  very  light  dull  yellow.  Wherever  a  bright  yellow  is  found, 
coloring  matter  may  be  expected.  If  yellow  ocher  or  barium  chromate  have  been 
employed,  their  presence  may  be  readily  detected  in  the  ash.  The  most  common  col- 
oring matter  used  in  mustard,  however,  is  turmeric.  The  addition  of  a  strong  solu- 
tion of  ammonium  hj'droxid  will  usually  give  an  orange-red  color  in  the  presence  of 
turmeric.  If  2  or  3  grams  of  the  sample  be  thoroughly  mixed  with  castor  oil  and  fil- 
tered, the  filtrate,  when  turmeric  is  present,  will  show  a  marked  fluorescence. 

A  more  delicate  and  perhaps  more  certain  test  is  to  extract  a  small  portion  of  a 
sample  with  two  or  three  times  its  weight  of  methyl  alcohol,  filter,  and  divide  the 
filtrate  into  two  portions;  one  portion  is  then  evaporated  to  dryness.  If  turmeric  be 
present,  the  residue  will  be  turned  red  by  hydrochloric  acid,  which  color  will  be 
changed  to  greenish  blue  on  the  addition  of  an  excess  of  alkali.  The  other  portion 
of  the  filtrate  is  evaporated  to  dryness,  moistened  with  a  solution  of  boric  acid,  and 
dried  on  the  steam  bath.  The  presence  of  ttirmeric  is  indicated  by  a  cherry-red  color. 
The  addition  of  alkali  then  produces  a  play  of  colors  in  which  green  and  purple 
predominate.  Martins  yellow,  or  naphthalene  yellow  (denitro-naphtholi,  may  be 
extracted  by  95  per  cent  alcohol  from  the  slightly  acidified  sample  of  mustard.  This 
coloring  matter  dyes  wool  or  silk  (but  not  cotton)  a  bright  yellow.  If  gamboge  be 
present,  the  alcoholic  extract  is  turned  bright  red  by  sodium  hydroxid  and  yellow  by- 
hydrochloric  acid. 

Pepper. 

Two  forms  of  pepper  arc  commonly  sold — black  and  white  ix^pper — both  being  the 
fruit  of  the  Piper  nifirum.  the  former  bcung  picked  while  green  and  allowed  to  ripen, 
the  latter  being  allowed  to  ri])en  on  the  plant  and  then  picked  and  the  outer  peri- 
carp removed.  The  common  adulterants  are  ground  corn,  wheat  products,  rice,  pea 
flour.  l)uckwheat  hulls,  cocoanut  shells,  roasted  and  unroasted  olive  stones,  mustard 
husks,  linseed  meal,  sawdust,  and  cayenne. 

Unground  pepper  is  probably  not  adulterated  at  present  by  the  atlmixture  of  foreign 
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substances.  Often,  however,  the  peppercorns  are  mncli  too  small,  and  a  large  amount 
of  dust  and  trash  is  present.  One  hundred  peppercorns  taken  at  random  should  not 
weigh  less  than  4  grams,  and  the  amount  of  dust,  stems,  and  trash  present  in  black 
pepper  should  not  exceed  1^  per  cent. 

Unground  white  pepper  should  be  practically  free  from  dust.  It  is  said  that  arti- 
ficial peppercorns  have  been  made,  though  it  is  probable  that  there  are  none  on 
the  market  in  this  country.  In  the  examination  of  ground  pepper,  the  microscope  is 
usually  necessary  to  identify  the  adulterant  used.  A  sample  should  be  examined  in 
water  by  direct  and  by  polarized  light  before  and  after  treating  with  iodin.  Starches 
should  be  examined  and  measured.  Stone  cells,  Avhether  their  origin  be  olive  stone 
or  cocoanut  shells,  may  be  detected  by  polarized  light,  but  great  care  must  be  taken 
not  to  confuse  them  with  the  stone  cells  of  the  outer  portion  of  the  peppercorn.  In 
order  to  clear  the  denser  tissues,  a  potassium  hydroxid  solution  may  be  run  under  the 
cover  glass  after  the  examiuation  in  water,  or  a  fresh  portion  may  be  digested  twenty- 
four  hours,  in  a  solution  of  8  parts  of  chloral  hydrate  in  5  parts  of  water,  and  exam- 
ined microscopically  in  the  same  medium.  In  the  i)reparatiou  for  the  microscopical 
examination,  a  portion  of  the  sample  may  be  mixed  with  an  aqueous  solution  of 
glycerol  (sp.  gr.  1.173),  in  which  foreign  stone  cells  will  sink  to  the  bottom,  while 
the  greater  part  of  the  pepper  will  float  or  remain  suspended  in  the  liquid.  The 
sample  may  be  bleached  by  allowing  it  to  stand  several  hours  with  nitric  acid  (sp. 
gr.  1.1),  adding  powdered  potassium  chlorate  from  time  to  time.  The  dark-colored 
portion  of  the  pepper  and  many  vegetable  adulterants  will  be  bleached  by  this 
method,  while  charcoal  and  charred  shells  will  retain  their  color.  The  residue  from 
crude  fiber  determinations  should  also  be  examined  microscopically,  as  usually  all 
dark-colored  matter  occurring  in  pepper  will  be  bleached  in  the  course  of  the  deter- 
minations, with  the  exception  of  charred  matter.  Stone  cells  will  also  show  their 
structure  best  in  this  residue.  The  chemical  composition  of  the  pepper  is  also  of 
considerable  value  in  judging  of  the  purity  of  the  sample.  The  following  limits 
of  comj)Osition  will  probably  include  all  good  peppers: 

Comx)osition  of  Made  pepper. 

Per  cent. 

Moisture 8        to  12 

Asli  1 2.  75  to    6  5 

Starches^  direct  inversion  by  hydrochloric  acid 32        to  38 

Fiber  i 9        to  16 

Albuminoids  7        to  12 

Nonvolatile  ether  extract  not  less  than 6.  5 

Composition  of  white  pepper. 

Per  cent. 

Moisture 12      to  15 

Ash 0.8  to    2.9 

Starch,  direct  inversion  by  hydrochloric  acid 40      to  53 

Fiber 4     to    8 

Albuminoids  8      to  12 

Ether  extract 7     to    8 

If  a  substance  high  or  low  in  ash  have  been  added,  this  will  readily"  be  detected  in 
the  analysis.  The  same  is  true  of  fiber  and  fats,  while  if  the  adulterant  contain 
approximately  the  same  amount  of  fat  as  is  found  in  the  pure  pepper,  a  nitrogen 
determination  in  the  extract  obtained  by  extracting  about  10  grams  of  the  pepper 
with  ether,  will  indicate  the  adulteration  as  the  ether  extract  obtained  from  pepper 
will  contain  2  to  3.5  per  cent  of  nitrogen,  owing  to  the  presence  of  piperin. 

1  All  samples  having  over  5  per  cent  of  ash  or  over  11  per  cent  of  fiber  should  be 
regarded  with  suspicion. 
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Cayexxe. 

The  fruits  of  Capsicum  annitum  and  Capisicam  fastigiatum  are  ground  and  placod  on 
the  market  under  the  name  of  cayenne,  frequently  called  cayenne  pepper,  although 
the  capsicum  is  not  a  pepper.  As  cayenne  is  sold  almost  entirely  in  the  ground  con- 
dition, and  in  this  condition  is  just  as  subject  to  adulteration  as  other  condiments, 
a  very  large  percentage  of  the  article  in  the  market  is  adulterated. 

The  common  adulterants  which  are  from  time  to  time  reported  are  hulls  of  mustard 
and  other  spices,  corn,  rice,  and  wheat  flour,  ground  sterns,  red  sandal  wood,  buck- 
wheat middlings,  and  occasionally  mineral  matter,  such  as  red  ocher,  or  brick  dust, 
with  turmeric  as  coloring  matter.  Sometimes,  when  a  deeper  color  is  desired,  one  of 
several  anilin  colors  is  employed. 

The  results  of  chemical  analysis  are  of  some  importance  in  judging  of  the  ]»urity 
of  cayenne.     The  following  limits  of  analysis  may  be  adopted: 

Per  cent. 

Moisture 2      to  10 

Ash 5      to  10 

Fiber 16      to  18 

Nitrogen 1,  7  to    2.2 

Ether  extract  ^ 16      to  30 

Alcohol  extract 2.5      to  45 

In  order  to  identify  the  adulterant,  and  very  often  to  prove  that  adulteration  has 
been  practiced,  it  is  necessary  to  resort  to  microscopical  examination. 

Ginger. 

The  examination  of  ground  ginger  for  adulterants  presents  as  great  ditiiculties  as 
that  of  any  other  spice. 

The  common  adulterants  are  exhausted  ginger,  mustard  hulls,  clove  stems,  cay- 
enne, rice,  wheat  and  potato  flours,  corn  meal,  and  turmeric.  The  microscope  may 
be  used  with  some  satisfaction,  except  in  the  case  of  turmeric  and  exhausted  ginger. 
The  oil  cells  of  turmeric  are  so  similar  to  those  of  ginger  that  the  identification  of 
the  former  as  an  adulterant  of  the  latter  is  a  very  difficult  matter.  The  presence  of 
turmeric,  however,  can  be  detected  by  means  of  the  methods  given  under  mustard. 
The  presence  of  exhau.sted  ginger  can  only  be  shown  by  chemical  analysis,  when  the 
percentage  of  volatile  oil  will  be  found  too  low,  and  the  other  ingredients  rather 
high.     The  following  extremes  of  composition  are  suggested: 

Per  cent. 

Moisture 9      to  12 

Ash 3.  8  to    7 

Soluble  ash 1.8  to    2.8 

Fiber 2      to    8 

Volatile  oil- 1      to    2.5 

Ether  extract I      to    7 

Nitrogen 9  to    1.  75 

Starch  (direct  inversion  with  HCl) 45      to  55 


The  alcohol  extract  should  be  approximately  17  per  cent. 


CiNXAMOX   AXD    Ca.SSIA. 

Cinnamon  is  the  bark  of  the  small  branches  of  the  Cinuamounm  zei/lanicinn.  It  is 
a  native  of  Ceylon,  and  the  greater  part  of  it  is  cultivated  in  gardens  in  Ceylon. 
Cassia  is  the  bark  of  the  branches  of  two  other  species  of  the  genus  cinnaniouum, 
and  is  produced  largely  in  Bengal,  China,  and  the  Indian  Archipelago. 

'A  sample  whose  ether  extract  is  less  than  18  per  cent  is  to  be  regarded  with  sus- 
picion. 

"A  sample  whose  content  of  volatile  oil  is  less  tlian  l.v  per  cent  is  to  be  regarded 
with  suspicion. 
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Cinnamon  i.s  placed  on  the  market  after  the  removal  of  the  outer  and  inner  coats. 
Its  thickness,  therefore,  is  from  one-half  to  three-fonrths  of  a  millimeter.  The 
sticks  are  always  rolled  together  and  consist  of  at  least  eight  or  ten  quills,  one 
placed  inside  of  another.  Cinnamon  breaks  with  an  uneven,  somewhat  fibrous 
fracture.  Cassia,  on  the  other  hand,  is  a  large,  thick  bark,  the  thickness  usually 
exceeding  1^  mm,  and  is  sometimes  as  high  as  3  mm.  Neither  the  outer  nor 
inner  layer  in  cassia  is  removed,  and  the  outer  corky  layer  is  usualJy  conspicuous. 
The  pieces  of  cassia  on  the  market  never  consist  of  one  quill  inside  of  another,  as  is 
the  case  with  cinnamon,  but  are  always  single  pieces,  curved  to  form  a  crude  circle. 
There  is  practically  no  ground  cinnamon  in  the  market.  The  best  products  that  are 
sold  for  cinnamon  are  cassia.^  Other  adulterants  are  wheat  and  potato  flours,  sago 
meal,  and  the  arrow  root — all  of  which  are  usually  baked — ground  crackers,  ground 
pease,  and  mineral  matters,  the  most  common  form  of  which  is  probably  red  ocher. 
The  volatile  oil  is  also  very  commonly  removed  for  flavoring  extracts  before  the  cin- 
namon is  placed  on  the  market.  If  a  portion  of  ground  cinnamon  be  boiled  for  a 
moment  in  water  and  cooled,  iodin  will  not  give  a  starch  reaction,  though  an  evident 
reaction  may  be  obtained  with  cassia  under  the  same  circumstances.  The  composi- 
tion of  both  cinnamon  and  cassia  varies  so  widely  that  it  is  useless  to  adopt  limits 
of  analysis  except,  perhaps,  in  two  or  three  items.  The  ash  of  cinnamon  is  from 
3J  to  5  per  cent,  the  soluble  ash  from  2  to  4  per  cent,  the  volatile  oil  from  0.8  to 
1.5  per  cent.  If  the  sample  be  adulterated  with  mineral  matter  this  Avill,  of  course, 
be  indicated  by  the  high  ash.  If  volatile  oil  has  been  removed,  the  small  propor- 
tion of  it  may  indicate  the  fact,  though  the  natural  percentage  of  that  ingredient 
is  so  low  as  to  render  this  criterion  of  doubtful  value.  With  these  exceptions  the 
microscope  must  be  used  for  the  purpose  of  detecting  adulteration,  and  .the  appear- 
ance of  cinnainon  and  cassia,  as  well  as  of  the  substances  that  are  used  for  their 
adulteration,  is  so  characteristic  that  no  difficulty  is  encountered  in  the  microscop- 
ical examination. 

Cloves. 

Unground  cloves  should  consist  of  both  calyx  and  corolla,  the  latter  consisting  of 
four  x)etals  closely  imbricated  into  a  globular  bud.  The  calyx  is  a  dark-brown  color 
and  the  corolla  is  somewhat  lighter.  On  scratching  the  corolla  with  a  pin  the 
volatile  oil  appears.  When  the  oil  has  been  removed  the  clove  becomes  almost 
black  and  its  surface  wrinkled  and  blistered. 

Ground  cloves  are  x^robably  rarely  sold  in  a  pure  state.  The  common  adulterants 
are  clove  stems,  allspice,  flour,  and  burnt  shells,  as  well  as  the  adulterants  that  are 
used  with  other  spices.  The  volatile  oil  is  also  frequently  removed  and  the  exhausted 
cloves  put  on  the  market  either  by  themselves  or  after  mixing  with  unexhausted 

samples.     The  limits  of  composition  of  cloves  are : 

Per  cent. 

Mustard 3      to  10 

Ash ,5      to  13 

Volatile  oil 10      to  20 

Non  volatile  ether  extract 7      to  11 

Fiber 6.  5  to    0 

Nitrogen ,. 0.  8  to    1.2 

Oxygen  equivalent 4      to    6 

Tannin  equivalent,  11  to  14  cc  of  tenth  normal  potassium  permanganate. 

The  determinations  which  are  of  value  in  detecting  the  adulteration  of  cloves  are 
volatile  oil,  fiber,  nitrogen,  ash,  and  tannin  or  oxygen  equivalent.  For  the  deter- 
mination of  the  latter,  4  grams  of  the  sample,  previously  extracted  with  absolute, 

^The  sale  of  ground  cassia  under  the  name  of  cinnamon  should  not  constitute  a 
form  of  adulteration,  but  "ground  cinnamon '^  should  be  understood  to  mean  the 
bark  of  any  species  of  cinnamonum. 
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alcobol-free  ether,  are  placed  iu  a  100  cc  flask  with  80  or  90  cc  of  water  and  digested 
over  uight  at  a  temperature  of  from  90^  to  95"^.  The  mixture  is  then  cooled  to  room 
temperature,  diluted  with  water  to  100  cc,  thoroughly  mixed  by  shaking,  filtered, 
and  titrated  with  a  tentli  normal  solution  of  potassium  permanganate,  according  to 
directions  given  in  Bulletin  46,  Division  of  Chemistry,  United  iStates  Department  of 
Agriculture,  page  74. 

Allspice  ok  I'imext, 

In  flavor  and  composition,  allspice  closely  resembles  cloves,  as  would  be  expected 
from  the  fact  that  they  are  botanically  very  closely  related.  Being  among  the 
cheapest  of  the  spices,  however,  it  is  not  subject  to  such  universal  adulteration  as  is 
the  case  with  many  of  the  others.  The  adulterants  commonly  used  are  cocoanut 
shells,  sandal  wood,  mustard  hulls,  ground  hnsks,  and  clove  stems,  as  well  as  those 
employed  with  other  spices,  and  the  volatile  oil  is  fre([uently  removed  before  the 
spice  is  placed  upon  the  market.     The  limits  of  analysis  are : 

Per  cent. 

Moisture 5.  5  to  12 

Ash 3      to    5 

Volatile  oil 2      to    5 

Ether  extract 7      to  13 

Fiber 13      to  22 

Tannin  eciuivalent  5  to  7  cc  of  tenth  normal  potassium  permanganate.  The 
tannin  is  estimated  according  to  the  directions  given  under  cloves. 

Nutmeg. 

Of  all  the  spices  nutmeg  is  probably  the  least  subject  to  adulteration,  since  it  is  sold 
almost  entirely  in  the  unground  state.  It  is  said  that  artificial  nutmegs  have  been 
prei)ared  from  mace,  starchy  material,  and  clay,  or  some  other  mineral  matter,  with 
the  addition  of  a  little  nutmeg  oil.  If  such  imitations  are  really  on  the  market  they 
can  readily  be  detected  by  the  appearace  of  the  cross  section  as  viewed  by  the  naked 
eye.  The  cross  section  of  nutmeg  has  a  marbled  appearance,  caused  by  narrow  strips 
of  the  inner  seed  coat  penetrating  to  the  center  of  the  seed. 

Mace. 

Mace  is  most  commonly  adulterated  with  what  is  known  as  "false''  or  Bombay 
mace.  Other  adulterants  are  turmeric  and  mineral  substances,  such  as  ocher  and 
baryta.  The  microscopical  appearance  of  mace  is  characteristic,  and  it  requires  but 
little  practice  for  the  observer  to  familiarize  himself  with  the  powder  sufficiently  to 
detect  adulterants. 

Bombay  mace  is  very  similar  in  structure  to  the  true  mace,  but  has  a  coarser 
structure,  is  of  a  much  darker  color,  is  odorless  and  tasteless.  It  is  also  said  to  be 
much  higher  in  oil  and  ash,  aad  its  presence,  as  well  as  that  of  the  other  adulterants 
mentioned,  may  be  detected  from  the  chemical  analysis.     The  linnts  of  composition 

of  mace  are : 

Per  rent. 

Moisture 4.  5  to  12 

Ash '. 2      to    4 

Volatile  oil 5      to    9 

Ether  extract 30      to  40 

Crude  fiber 4.  5  to  10 

Nitrogen 0.  7  to    1 

Mace,  like  nutmeg,  contains  no  fat.  The  extract,  other  than  nonvolatile  oil,  con- 
sists almost  entirely  of  resin.  The  presence  of  an  adulterant  containing  less  than  20 
per  cent  of  resin  can  be  easily  detected  by  the  fact  that  true  mace  contains  from 
20  to  35  per  cent  of  that  substance. 


126 

Creaim  of  Tartar. 

The  most  common  adulterations  met  with  in  this  substance  are  calcium  sulphate, 
calcium  carbonate,  alum,  acid  phosphate  of  calcium,  and  starch.  Calcium  tartrate 
is  found  in  nearly  all  tartars,  but  this  can  not  be  considered  an  adulterant,  since  its 
source  is  the  argol  from  which  the  cream  of  tartar  is  manufactured.  This  impurity, 
however,  should  not  exceed  10  per  cent. 

Qualitative  examination. — This  may  be  made  as  ibllows : 

Fi-ee  tartaric  acid  is  tested  for  by  treating  a  portion  of  the  sample  with  alcohol. 
The  filtrate  from  this  is  evaporated  free  from  the  alcohol  and  a  test  made  for  acid. 
This  may  be  made  a.  quantitative  determination  by  titrating-  against  a  standard 
alkali  solution. 

Test  fov  2)hosphoric  acid  in  a  nitric  acid,  solution  by  adding  ammonium  molybdate 
solution.  If  sulphates  be  present,  a  hydrochloric  acid  solution  of  the  ash  should  be 
tested  for  alumimim.  If  this  be  found,  a  test  for  ammonia  in  the  original  substance 
gives  additional  evidence  of  the  presence  of  alum. 

Earthy  additions  are  left  undissolved  after  treatment  with  a  warm  potassium 
hydroxid  solution. 

The  washed  residue  is  examined  for  carbonates,  sulphates,  calcium,  barium,  silica, 
etc.  This  operation  may  be  made  a  quantitative  one  by  drying  and  weighing  the 
residues;  if  calcium  sulphate  be  present,  alcohol  is  added  in  considerable  quantity 
before  filtering  and  in  the  washing. 

Starch. — From  2  to  5  grams  of  the  substance  are  weighed  into  an  Erlenmeyer  ilask 
and  150  to  200  cc  of  a  4  per  cent  hydrochloric  acid  solution  added.  The  Ilask  is 
provided  with  a  stopper,  and  condensing  tube  3  to  4  feet  long.  Boil  gently  for  four 
hours,  cool,  neutralize  with  sodium  hydrate,  and  make  up  to  a  definite  volume. 
Determine  the  reducing  power  of  an  aliquot  portion  by  methods  given  in  Bulletin 
No.  46,  Divisiou  of  Chemistry,  United  States  Department  of  Agriculture. 

Phosphoric  acid,  aluminum,  and  calcium. — Weigh  out  2  grams  of  the  sample,  incin- 
erate, transfer  to  a  200  cc  flask,  and  dissolve  by  boiling  in  'SO  cc  of  nitric  acid.  Make 
up  to  the  mark,  and  estimate  phosphoric  acid  as  in  fertilizer  analysis.  Slightly 
alkalize  the  filtrate  from  the  ammonium  phosphomolybdate  with  ammonia,  to  pre- 
cipitate the  aluminum  as  hydrate.  Heat  and  long  standing  should  be  avoided,  else 
the  molybdic  acid  will  be  precipitated.  Filter,  wash,  ignite,  and  weigh  as  alu- 
minum oxid.  The  calcium  is  precipitated  from  the  last  filtrate  as  the  oxalate, 
ignited  and  weighed  as  the  oxid.  Or,  the  calcium  may  be  determined  by  evaporating 
an  aliquot  part  of  the  original  nitric  acid  solution  to  a  ver}'  small  volume,  with  a  little 
sulphuric  acid,  and  then  adding  two  to  three  times  the  volume  of  95  per  cent  alcohol. 
Filter  by  means  of  a  Gooch  crucible,  wash  with  alcohol,  ignite  a  few  seconds  at  low 
red  heat,  and  weigh  as  calcium  sulphate. 

Total  tartaric  acid. — Weigh  out  5  grams  of  the  material  and  transfer  to  a  500  cc  fl'ask. 
Add  100  cc  of  water  and  15  cc  of  strong  hydrochloric  acid.  Make  up  to  the  mark  and 
allow  to  settle.  To  50  cc  of  the  filtered  solution  add  10  cc  of  a  solution  containing 
300  grams  of  potassium  carbonate  to  the  liter.  Boil  thirty  minutes,  filter  into  a  por- 
celain dish,  and  evaporate  to  10  cc.  Add  gradually,  with  constant  stirring,  4  cc  of 
glacial  acetic  acid  and  then  100  cc  of  95  per  cent  alcohol,  stirring  until  the  precij)itate 
appears  crystalline.  Allow  to  stand  several  hours,_until  the  precipitate  settles  well, 
decant  through  a  small  filter,  add  alcohol,  and  wash  the  precipitate  on  the  filter  with 
alcohol  until  free  from  acetic  acid.  Transfer  the  filter  and  precipitate  to  a  beaker, 
add  water,  and  boil,  washing  out  the  dish  with  boiling  water  if  any  of  the  precipitate 
adhere  to  it.  The  resulting  solution  is  titrated  against  a  decinormal  soda  or  potash 
solution,  using  phenolphthalein  as  an  indicator.  One  cubic  centimeter  of  the  deci- 
normal alkali  corresponds  to  0.0188  gram  of  potassium  bitartrate  or  0.015  gram  of 
tartaric  acid. 

Calcium  tartrate. — In  the  presence  of  other  calcium  salts,  the  powdered  tartar  is 
treated  with  warm  potassium  hydroxid  solution,  adding  alcohol  if  the  sulphate  be 
present.    The  residue  is  washed  on  a  filter,  the  filtrate  neutralized  with  hydrochloric 
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acid,  aud  evaporated  to  a  small  Aolnme.  The  calcium  is  precipitated  with  ammonium 
oxalate  in  the  i)resence  of  a  little  free  acetic  acid.  The  calcium  oxalate  is  collected 
and  washed  in  a  Oooch  crucible  and  weiuhed  as  calcium  carbonate,  after  gentle 
ignition,  or  as  calcium  oxid  after  complete  ignition. 

Baking  Powders. 

These  consist  of  bicarbonate  of  soda  with  some  acidifying  agent,  usually  bitar- 
trate  of  potassium,  acid  phosphate  of  calcium,  or  alum.  Tartaric  acid  is  occasion- 
ally used  for  this  purpose.  These  agents  are  mixed  with  some  substance  called 
''tilling,"  which  is  usually  starch,  although  llour  is  used  sometimes.  This  filling 
checks  deterioration  in  the  strength  of  the  powder,  by  preventing  the  acid  audalkali 
from  acting  upon  each  other  readily.  Ammonium  carbonate  is  sometimes  used  to 
increase  the  strength  of  the  powder. 

The  impurities  most  commonly  met  with  are  calcium  sulphate,  calcium  tartrate, 
and  insoluble  calcium  phosphate.  These  are  not  called  adulterations,  since  they  are 
introduced  with  the  ingredients  of  the  powder. 

QUALITATIVE    TESTS. 

Sidpliates. — Sulphates  are  detected  in  an  aqueous  solution,  in  the  absence  of  citric 
acid,  by  treating  with  barium  chlorid  and  hydrochloric  acid. 

Ammonia  salts. — Ammonia  salts  are  detected  in  the  cold-water  extract  by  boiling 
with  sodium  hydroxid  and  testing  the  steam  with  moist,  red  litmus  paper. 

Phosphates. — Dissolve  the  ash  in  nitric  acid  and  add  ammonium  nitrate  and 
ammonium  molybdate  solution.  Test  for  insoluble  phosphates  by  boiling  the  powder 
with  water.  Then  filter,  waeh,  and  dissolve  the  residue  with  hot  nitric  acid.  Test 
solution  for  phosphates  as  above,  page  126. 

Alumina. — Dissolve  the  powder  in  very  dilute  nitric  acid,  add  acetic  acid  and 
sodium  phosphate.  Or,  fuse  with  potassium  nitrate  and  sodium  carbonate,  extract 
with  boiling  water,  and  filter.  Acidify  the  filtrate  with  hydrochloric  acid,  and 
jirecipitate  the  alumina  with  ammonia. 

Tartaric  acid  and  tartrates. — Free  tartaric  acid  is  dissolved  out  by  absolute  alcohol 
and  identified.  Tartrates  are  tested  for  by  shaking  the  powder  in  ammonia,  filter- 
ing, adding  a  crystal  of  silver  nitrate,  and  gently  heating  to  form  a  silver  mirror. 

It  should  be  noted  whether  there  be  any  considerable  amount  of  residue  insolu- 
ble in  boiling  water  other  than  starch.  If  such  be  the  case,  its  nature  should  be 
ascertained. 

QUANTITATIVE    DETERMINATIONS. 

Available  carbonic  acid. — This  is  the  most  important  estimation,  as  it  determines  the 
leavening  strength  of  the  powder.  Place  1  gram  of  the  sample  in  a  dry  alkalimeter 
containing  10  cc  of  water  in  the  acid  bulb.  This  is  allowed  to  run  into  the  powder 
slowly,  after  which  it  is  gradually  brought  to  the  boiling  point.  Then  the  lamp  is 
removed  and  the  apparatus  is  aspirated  thoroughly. 

Total  carbonic  acid  is  determined  in  the  same  manner,  except  that  10  cc  of  dilnte 
sulphuric  acid  are  placed  in  the  bulb  instead  of  pure  water. 

Starch,  phosphoric  acid,  tartaric  acid,  aluminum,  and  calcium  are  estimated  the  same 
:i8  in  the  cream  of  tartar  analysis.  In  case  of  phosphoric  acid  it  is  well  to  incinerate 
before  dissolving  in  nitric  acid. 

.Sal2)hnric  acid. — Weigh  0.5  to  1  gram  of  the  sample  into  a  beaker  and  digest  with 
strong  hydrochloric  acid  until  all  goes  into  solution.  Add  barium  chlorid.  in  slight 
excess,  while  still  hot.     Allow  to  stand  twelve  hours,  filter,  ignite,  and  weigh. 

Potash  and  soda. — Weigh  onto  grams  of  the  substance  into  a  dish  and  incinerate  ;it 
low  heat.  It  is  safer  to  add  an  excess  of  sulphuric  acid  before  incinerating.  With 
the  aid  of  a  little  hydrochloric  acid,  transfer  to  a  500  cc  Ilask,  add  water,  and  boil 
fifteen  minutes.     When  cool,  make  up  to  the  mark.     One  hundred  cubic  centimeters 
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of  the  filtered,  solution  are  heated  ou  a  water  bath,  a  slight  excess  of  barium  chlorid 
added,  and  then,  without  tiltering,  a  slight  excess  of  bariuru  hydroxid.  The  precipi- 
tate is  filtered  off  and  washed.  To  the  filtrate  is  added  a  little  ammonium  hydrate, 
and  then  ammonium  carbonate  until  all  the  barium  is  precipitated.  The  precipi- 
tate is  filtered  ofi"  and  washed  and  the  filtrate  is  evaporated  to  dryness  in  a  jjlatinum 
dish,  after  acidifying  with  dilute  sulphuric  acid.  The  residue  is  thoroughly  ignited 
and  weighed  as  mixed  sulphates  of  potassium  and  sodium.  The  potash  is  then 
determined  in  the  residue  by  dissolving  in  hot  water  and  hydrochloric  acid,  adding 
platinum  chlorid,  and  proceeding  in  the  usual  way. 

Ammonia  is  present  either  as  the  carbonate  or  as  ammonia  alum.  It  may  be  deter- 
mined by  distilling  1  gram  of  the  sample  with  caustic  soda.  The  distillate  is 
received  into  an  excess  of  standard  acid  solution  and  titrated  back  with  a  standard 
alkali  solution.  In  case  flour  is  used  as  a  tilling,  which  is  not  often,  it  must  be  sepa- 
rated from  the  ammonia  salts  by  washing  with  Avater,  and  the  ammonia  determined 
in  the  filtrate. 

A  water  solution  of  a  baking  powder  should  be  about  neutral;  but  in  poorly  made 
powders  it  is  often  alkaline.  If  such  be  the  case,  the  free  alkali  should  be  determined 
by  titration. 

Vinegar. 

The  adulterations  most  frequently  met  with  in  vinegar  are  water,  pyroligneous 
acid,  mineral  acids,  usually  sulphuric  or  hydrochloric,  caramel,  and  other  coloring 
matters.  . 

Cider  vinegar  usually  contains  from  3.5  to  6  per  cent  acetic  acid,  1.5  to  2.5  per 
cent  solids,  and  has  a  density  usually  given  from  1.013  to  1.016  at  15°  C,  but  it  often 
goes  far  beyond  these  limits.  The  dried  residue  has  the  odor  of  baked  apples,  con- 
tains malic  but  no  tartaric  acid,  and  gives  slight  precipitates  with  barium  chlorid, 
silver  nitrate,  and  ammonium  oxalate. 

Wine  vinegars  rnn  high  in  acetic  acid  and  density,  and  have  from  1.7  to  2.5  per 
cent  solids.  The  extract,  treated  with  alcohol,  leaves  a  granular  residue  of  acid 
tartrate  of  potassium.  The  average  amount  of  this  salt  is  about  0.25  per  cent.  Its 
presence  is  peculiar  to  wine  vinegars. 

Beer  and  malt  vinegars  have  a  high  density,  ranging  from  1.021  to  1.025,  and  a  high 
percentage  of  solids,  from  5  to  6  per  cent.  They  also  contain  a  high  percentage  of 
phosphates,  and  considerable  quantities  of  sulphates  and  chlorids. 

The  specific  gravity  is  determined  by  a  Westphal  balance,  or  a  picnometer,  at  a 
temperature  of  15°  C. 

The  acidity  is  determined  by  titrating  against  a  decinormal  sodium  hydroxid 
solution,  using  phenolphthalein  as  indicator.  The  result  is  calculated  to  percentage 
of  acetic  acid. 

Free  mineral  acids. — A  solution  of  logwood  is  prepared  by  pouring  200  cc  of  boil- 
ing water  on  2  grams  of  logwood  chips  and  allowing  to  stand  for  a  few  hours  before 
filtering.  Dry  a  drop  of  this  solution  on  a  porcelain  surface,  add  a  drop  of  the 
vinegar  to  the  residue  and  dry  again.  The  presence  of  a  mineral  acid  imparts  a 
red  color  to  the  residue.  If  the  proportion  of  mineral  acid  be  very  small,  the  red 
color  is  destroyed  by  the  addition  of  w^ater,  but  is  restored  on  reevaporation  unless 
nitric  acid  is  present.  If  mineral  acids  be  present,  add  enough  sodium  hydroxid 
solution  to  50  grams  of  the  solution  to  neutralize  the  mineral  acids,  but  not  enough 
to  render  the  liquid  alkaline.  Evaporate  and  carefully  ignite.  Titrate  back  wnth 
standard  acid.  The  difference  in  the  amounts  of  alkali  and  acid  used  is  the  amour *^ 
neutralized  by  the  free  mineral  acids. 

Free  sulplmric  acid. — Evaporate  100  grams  of  the  sample  to  a  small  volume ;  cool ; 
add  four  to  five  times  its  volume  of  alcohol.  Sulphates  are  precipitated  and  free 
sulphuric  acid  remains  in  solution.  Filter;  wash  the  precipitate  with  80  per  cent 
alcohol;  boil  off  the  alcohol  from  the  filtrate  after  dilution,  and  precipitate  the 
sulphuric  acid  as  barium  sulphate. 
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Solids. — Evaporate  10  grams  of  the  sample  to  dryness  on  a  steam  bath  and  then 
dry  to  a  constant  weight  at  100-  C. 

Ash. — Burn  solid  residue  at  dull  red  heat.  Test  the  ash,  after  moistening,  with 
litmus.  If  it  be  neutral,  free  mineral  acids  are  probably  present  in  the  sample.  If 
it  be  alkaline  none  can  be  present. 

Phosphoric  acid. — Dissolve  the  ash  in  nitric  acid,  filter,  and  add  a  few  crystals  of 
ammonium  nitrate.  When  these  are  dissolved,  add  about  25  cc  of  the  clear  ammo- 
nium molybdate  solution  used  in  fertilizer  analysis.  Digest,  with  occasional  stirring, 
iov  thirty  minutes  in  a  warm  place,  not  allowing  the  temperature  to  rise  above  65^^  C. 
Let  vstand  one  hour  in  the  cold  and  filter  through  a  weighed  Gooch  crucible.  Wash 
with  water  slightly  acidulated  with  nitric  acid.  Dry  thirty  minutes  at  10.5-  to 
110"  C  and  weigh.  Calculate  the  percentage  of  phosphoric  acid  by  the  use  of  the 
factor  0.0367. 

Canned  Food. 

The  practice  of  preserving  various  kinds  of  food  in  hermetically  sealed  re';eiJta- 
cles  has  become  so  common  that  far  more  attention  should  be  given  to  canned  food 
which  is  on  the  market  than  it  receives  at  the  present  time,  and  methods  for  its 
examination  should  be  adopted.  The  appearance  of  the  cans  themselves  should 
first  be  noted.  The  ends  should  be  slightly  concave,  since  the  contents  are  sterilized 
by  means  of  heat  and  a  contraction  of  volume  must  necessarily  follow  cooling.  If 
the  ends  of  the  can  be  convex,  some  decomposition  is  indicated.  In  the  case  of 
bottled  goods,  the  pressure  on  the  cork  should  l»e  observed  since  even  the  slightest 
pressure  tending  to  expel  the  cork  is  an  indication  that  some  decomjiosition  has 
taken  place  after  the  goods  were  put  up.  Marked  corrosion  on  the  inside  of  the  can 
is  often  an  indication  of  the  presence  of  metals  in  solution.  No  food  which  is  capable 
of  corroding  metal  receptacles  should  be  preserved  in  them.  In  canned  corn,  corro- 
sion may  be  sometimes  due  to  the  presence  of  sodium  sulphite,  which  is  added  for 
the  purpose  of  bleaching  the  corn.  In  such  cases  dark  nodules  of  tin  sulphid'are 
also  found  at  the  edge  of  the  can. 

Any  sample  of  canned  goods  which  has  an  alkaline  reaction  with  litmus  paper  is 
to  be  regarded  with  suspicion. 

Among  the  various  classes  into  which  canned  food  may  be  divided  are  meats,  meat 
extracts,  fruits,  vegetables,  and  catsups.  The  most  common  adulterants,  perhaps, 
are  added  for  the  purpose  of  better  preserving  the  food,  and  are  treated  of  in  some 
detail  under  the  head  of  preservatives.  To  prepare  a  sample  of  canned  food  in  such 
a  manner  that  the  methods  given  for  detection  of  preservatives  may  l)e  applicable, 
from  50  to  200  grams  of  the  sample,  previoush^  ground,  if  necessary,  are  mixed  in  a 
mortar  with  enough  water  to  give  the  proper  degree  of  fluidity. 

Coloring  matter  is  also  very  commonly  used,  especially  with  food  of  a  marked  red 
or  green  color,  such  as  tomatoes,  catsups,  some  varieties  of  meat,  peas,  beans,  and 
pickles.  The  salts  of  several  metals  are  often  present,  sometimes  having  been 
added  intentionally,  at  other  times  due  to  carelessness  or  the  use  of  improper 
receptacles.  Among  these  metals  the  most  important  are  copper,  lead,  tin,  and  zinc. 
A  slight  amount  of  copper  may  be  normal  to  many  vegetables.  A  somewhat  larger 
amount  may  come  from  the  use  of  copper  utensils;  but  if  the  utensils  be  kept 
clean,  and  ordinary  care  exercised  in  the  preparation  of  the  food,  only  a  slight 
amount  of  the  metal  will  be  introduced  in  this  way.  The  presence  of  more  th.in  10 
mg  of  copper  per  kilogram  of  the  food  may  be  taken  as  surticient  evidence  that 
copper  has  been  intentionally  added.  This  practice  is  only  resorted  to  for  the  pur- 
pose of  giving  a  marked  green  color  to  foods  to  which  a  portion  of  the  public  has 
been  educated  to  ascribe  a  green  of  unnatural  brightness,  especially  peas,  beans, 
and  cucumber  pickles.  Zinc  has  in  a  few  cases  been  added  for  the  same  purpose, 
but  its  use  as  an  agent  in  preserving  the  coloring  matter  has  not  become  at  all 
general.  Its  presence  in  canned  food  is  very  common,  but  is  almost  always  due  to 
its  use  as  a  flux  in  soldering. 
15663— Ko.  51 9 
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Lead  comes  from  the  use  of  inferior  tin  plate  or,  more  commonly,  solders  which 
are  much  too  soft.  The  tin  plate  employed  should  be  almost  free  from  lead,  and 
solder  which  is  exposed  to  the  contents  of  the  can  should  contain  less  than  10  per 
cent  of  lead.  Owing  to  the  lack  of  legislation  on  the  subject  in  this  country,  how- 
ever, the  solders  commonly  used  by  our  canners  contain  from  40  to  60  per  cent  of 
lead,  and  not  only  is  a  large  amount  of  this  solder  exposed  to  the  contents  of  the 
can  in  the  seams,  but  it  often  happens  that  one  or  more  pellets  of  the  size  of  bullets 
are  found  loose  in  the  can. 

Tin  is  frequently  dissolved  from  the  tin  plate  by  strongly  acid  foods.  It  is  proba- 
ble that  the  amount  of  tin  sulphid  is  much  greater  where  the  soldering  or  plate 
exjjosed  to  the  contents  of  the  can,  contains  a  large  percentage  of  lead.  It  has  been 
suggested  that  this  is  due  to  electrolytic  action. 

In  examining  a  sample  of  canned  goods  for  heavy  metals,  it  should  first  be  dried 
at  the  temperature  of  boiling  water  and  charred  in  a  porcelain  dish  at  the  lowest 
possible  temperature.  The  soluble  compounds  may  then  be  removed  by  washing 
the  char  with  a  few  cubic  centimeters  of  dilute  nitric  acid  and  filtering.  The  char 
and  filter  are  then  ignited,  and  the  residue,  dissolved  in  a  little  dilute  nitric  acid, 
added  to  the  filtrate  from  the  char.  The  ordinary  qualitative  and  quantitative 
methods  for  the  metals  enumerated  may  then  be  applied  to  the  solution. 

Wines. 

The  practice  of  adulterating  wines  is  so  common  and  the  methods  of  adulteration 
have  been  studied  so  long  and  so  carefully  that  the  detection  of  the  adulterants 
used  is  often  attended  with  the  greatest  difficulty. 

The  composition  of  dry  wines  and  sweet  wines,  calculated  to  sugar-free  substances, 
should  not  vary  far  from  the  following  figures: 

Composition  of  tvines. 


Constituents. 

Grams  per  100  cc. 

Ked.      1   White. 

12.0          11.50 

2.80          2.00 

.50             .55 

.25             .96 

.28            .20 

Total  acidity  .        . 

Ash 

These  figures  are  for  young  wines.  After  standing  two  or  three  years,  the  percent- 
age of  extract  will  decrease  about  10  per  cent.  Wines  should  be  regarded  with 
suspicion  which  contain  less  than  2.4  grams  of  extract  or  more  than  3.2  grams  per 
100  cc,  or  which  contain  less  than  0.2  gram  of  ash  or  more  than  0.35  gram  per  100  cc, 
whose  total  acidity  is  less  than  0.45  gram  HCl  per  100  cc,  whose  ash  is  less  than 
one- eighth  or  more  than  one-half  of  the  sugar- free  extract,  whose  sulphuric  acid  cal- 
culated to  potassium  sulphate  is  over  0.2  gram  per  100  cc,  and  whose  chlorin  calcu- 
lated to  sodium  chlorid  is  over  0.2  gram  per  100  cc. 

With  American  wines,  the  x>resence  of  volatile  acid,  calculated  to  acetic  acid,  in 
excess  of  one-fourth  of  the  total  acid  may  be  considered  almost  certain  evidence  of 
adulteration,  though  with  European  wines  the  ratio  is  somewhat  larger.  Wines 
sometimes  contain  an  appreciable  amount  of  copper,  lead^  and  zinc,  and  sometimes, 
though  rarely,  traces  of  arsenic  are  found,  owing  to  the  use  of  crude  glucose  and 
anilin  dyes  for  the  purpose  of  coloring.  Copper,  lead,  and  zinc  may  be  detected  as 
directed  under  canned  foods.  For  the  detection  of  arsenic,  the  extract  should  be 
digested  with  2  cc  of  sulphuric  acid  and  about  25  cc  of  nitric  acid  to  destroy  the 
organic  matter,  heated  with  sulphuric  acid  until  nitric  fumes  are  entirely  expelled, 
and  the  residue  examined  with  the  Marsh  apparatus. 

Methods  for  the  detection  of  preservatives  are  given  on  page  132. 


131 


DETECTION   OF    COLORING   MATTER. 

First  method. — Add  0.2  gram  of  precipitated  mercuric  oxid  to  10  cc  of  wine;  shake 
for  one  minute  and  filter. 

Pure  wines  give  filtrates  which  are  colorless  or  light  yellow,  while  the  presence  of 
a  more  or  less  red  coloration  indicates  that  an  anilin  color  has  been  added  to  the 
wine. 

Second  method. — Evaporate  the  alcohol  from  200  cc  of  wine,  add  2  to  4  cc  of  a  10 
per  cent  solution  of  hydrochloric  acid,  immerse  some  threads  of  fat-free  wool,  and 
hoil  for  five  minutes.  Remove  the  threads,  wash  them  with  cold  water  acidified 
with  hydrochloric  acid,  then  with  hot  water  acidified  with  hydrochloric  acid,  then 
with  pure  water,  and  dissolve  the  color  in  a  boiling  mixture  of  50  cc  of  water  and 2 
cc  of  concentrated  ammonia.  Replace  the  threads  with  new  ones,  acidify  with  hydrO' 
chloric  acid,  and  boil  again  for  five  minutes.  In  the  presence  of  anilin  colors  to  the 
amount  of  2  mg  per  liter,  the  threads  are  dyed  as  follows : 

Safranin light  rose  red. 

Vinolin rose  red  to  violet. 

Bordeaux  red rose  red  to  violet. 

Ponceau  red rose  red. 

Fuchsin dirty  white. 

Tropteolin  00 straw  yellow. 

Tropseolin  000 light  orange. 

Corallin dirty  white. 

This  method  is  not  suitaljle  for  the  detection  of  fuchsin  or  corallin. 

Detection  of  fuchsin  and  orseille. — To  20  cc  of  wine  add  10  cc  of  lead  acetate  solu- 
tion, heat  slightly,  and  mix  by  shaking.  Filter  into  a  test  tube,  add  2  cc  of  amyl 
alcohol  and  shake.  If  the  amyl  alcohol  be  colored  red,  separate  it  and  divide  it  into 
two  portions.  To  one  add  hydrochloric  acid,  to  the  other  ammonia.  AVhen  the 
color  is  due  to  fuchsin,  the  amyl  alcohol  will  in  both  cases  lie  decolorized;  when  due 
to  orseille,  the  ammonia  will  change  the  color  of  the  amyl  alcohol  to  purple  violet. 

Beer. 

Beer  is  made  by  fermenting  the  aqueous  extract  of  malted  barley,  after  the  addition 
of  hops.  In  some  countries,  there  is  legislation  providing  that  beer  shall  be  manu- 
factured exclusively  from  malt,  hops,  and  water.  In  this  country,  however,  the  use 
of  certain  malt  substitutes  is  considered  legitimate.  If  unmalted  barley  be  employed 
as  a  malt  substitute,  or  any  other  cereal  whose  content  of  insoluble  albuminoids  is 
equal  to  that  of  malt,  the  food  value  of  the  beer  is  probably  not  decreased.  If 
dextrin,  starch,  or  rice  be  employed,  however,  the  content  of  albuminoids  will  be 
materially  reduced.  The  important  determinations  for  judging  of  the  quality  of 
the  beer  or  of  its  adulteration  are  alcohol,  specific  gravity,  glycerin,  ash,  sulphuric 
acid,  sulphurous  acid,  phosphoric  acid,  and  chlorin.  It  is  also  essential  to  examine 
qualitatively  for  the  presence  of  preserving  agents  and  saccharin.  The  methods 
for  the  detection  of  the  presence  of  the  last  two  named  are  given  under  appropriate 
headings.  Hydrochloric  acid  may  be  determined  in  the  nitric-acid  solution  of  the 
ash,  by  any  of  the  well-known  gravimetric  or  volumetric  methods.  The  other  sub- 
stances named  may  be  determined  by  the  methods  given  under  the  adulteration  of 
wine.  The  glycerol  content  of  beer  should  not  be  less  than  0.1  gram  per  100  ci-.  The 
ash  should  not  be  less  than  0.12  nor  greater  than  0.30  gram  per  100  cc.  The  presence 
of  less  than  0.10  gram  indicates  that  some  malt  substitute  which  is  low  in  ash,  such 
as  starch,  has  been  used  in  the  preparation  of  the  beer,  while  if  the  ash  content  be 
greater  than  0.30  gram  per  100  cc,  and  the  volatile  acids,  calculated  to  acetic  acid, 
less  than  0.075  gram  per  100  cc,  it  is  probable  that  an  excess  of  acid  has  been 
neutralized  by  sodium  carbonate,  and  the  ash  of  the  beer  should  be  examined  for 
both,  sodium  and  carbonic  acid.     The  presence  of  phosphoric  acid  should  not  be  less 
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than  0.05  gram  nor  greater  than  0.10  gram  per  100  cc.  If  less  than  0.05  gram,  it  is 
probable  that  a  portion  of  the  malt  has  been  replaced  by  starch  or  some  similar  sub- 
stance. In  European  countries,  hop  substitutes  are  said  to  be  frequently  employed. 
Their  presence  has  never  been  noticed  in  American  beers,  however,  and  the  low 
price  of  hops  makes  it  entirely  improbable  that  substitutes  are  to  be  found  in  Amer- 
ican beers. 

Cider. 

Cider  is  the  Juice  of  the  apple,  either  fresh  or  partially  or  wholly  fermented,  but 
without  the  addition  of  any  other  substance.     The  composition  of  cider  is=— 

Composition  of  cider. 


Constituents. 


Alcohol 

Extract 

Sugar 

Total  acidity,  calculated  to  H.^SOj 
Fixed  acids,  calculated  to  H2SO4. 

Ash •. 

Potassium  carbonate , 


Grams  per  100  cc. 


Below       7 
2        to  8 
0.4    to  4 
0.2    to  0.5 
0. 1     to  0.  27 
0. 17  to  0.  35 
0. 14  to  0. 23 


The  adulterations  to  which  cider  are  subjected  in  this  country  are  dilution  with 
water  and  the  addition  of  alkali  to  correct  acid  fermentation,  and  especially  the 
addition  of  preservatives.  The  percentage  of  alcohol  increased  by  49  per  cent  of  the 
content  of  sugar  and  97  per  cent  of  the  content  of  volatile  acid,  calculated  to  acetic 
acid,  should  not  be  less  than  3  nor  greater  than  9.  The  percentage  of  extract  should 
be  from  2  to  8,  including  sugar,  and  obviously,  if  the  percentage  of  alcohol  be  high 
the  percentage  of  sugar  will  be  correspondingly  low.  The  presence  of  less  than  1.7 
per  cent  of  ash  may  be  taken  as  evidence  of  dilution  with  water,  while  if  the  per- 
centage of  ash  be  greater  than  3.5  it  is  probable  that  a  carbonate  has  been  added 
for  the  purpose  of  neutralization. 

Preservatives. 

The  methods  given  below  for  the  detection  of  preservatives  are  applicable  to 
liquids  only.  If  it  be  desired  to  apply  them  to  solid  or  semisolid  substances,  it  will 
be  necessary  to  grind  these  in  a  mortar  with  water  until  a  sufficient  degree  of  fluidity 
is  obtained.  It  may  sometimes  be  necessary  to  macerate  the  substance  in  some  way 
before  it  can  be  ground  in  the  mortar. 

SALICYLIC   ACID. 

First  method. — Shake  about  100  grams  of  the  sample,  after  adding  5  cc  of  dilute 
(1 :3)  sulphuric  acid,  with  25  cc  of  chloroform.  Allow  to  stand  over  night,  remove  the 
clear  filtrate  (not  the  emulsion)  by  means  of  a  pipette,  and  evaporate  to  dryness  at  a 
low  temperature.  Take  up  with  2  or  3  cc  of  water,  filter  into  a  clean  porcelain  dish, 
and  test  with  a  few  drops  of  a  0.5  per  cent  solution  of  ferric  chlorid.  The  formation 
of  a  marked  purple  or  violet  color  is  sufficient  evidence  of  the  presence  of  salicylic 
acid. 

Second  method. — Acidify  100  cc  of  the  liquor  with  sulphuric  acid  and  extract  with 
sulphuric  ether.  Evaporate  the  extract  to  dryness,  warm  the  residue  carefully  with 
1  drop  of  concentrated  nitric  acid,  and  add  2  or  3  drops  of  ammonia.  The  presence 
of  salicylic  acid  in  the  liquor  is  indicated  by  the  formation  of  the  yellow  color  of 
ammonium  picrate,  and  may  be  confirmed  by  dyeing  a  thread  of  fat-free  wool. 

Third  method. — Place  100  cc  of  the  wine  in  a  separatory  funnel,  add  5  cc  of  sul- 
phuric acid  (1 :3),  and  extract  with  a  sufficient  quantity  of  a  mixture  of  eight  or  nine 
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parts  of  ether  to  one  part  of  petroleum  other.  Throw  away  the  aqueous  solution, 
wash  the  ether  oiioe  with  water,  then  shake  thoroughly  with  ahout  50  ec  of  water, 
to  which  from  6  to  8  drops  of  0.5  per  cent  solution  of  ferric  chlorid  have  hoen  added. 
Discard  the  aqueous  solution,  which  contains  the  greater  part  of  the  tannin  in  com- 
bination with  iron,  wash  again  with  water,  transfer  the  ethereal  solutioTi  to  a  porce- 
lain dish,  and  allow  to  evaporate  spontaneously.  Then  heat  the  dish  on  th<!  steam 
bath,  take  up  with  1  or  2  cc  of  cold  water,  filter  into  a  test  tube,  and  add  1  or  2 
drops  of  0.5  per  cent  solution  of  ferric  chlorid.  The  presence  of  salicylic  acid  is 
indicated  by  the  appearance  of  a  violet-red  coloration.  In  the  case  of  red  wines  a 
second  extraction  of  the  residue  with  ether  mixture  is  sometimes  necessary.  This 
is  determined  by  the  color  of  the  residue  left  in  the  dish  on  the  evaporation  of 
the  ether. 

This  method  cannot  be  used  in  the  examination  of  beers  and  ales. 

Fourth  {(iirard's)  method. — Extract  a  portion  of  the  acidified  liquor  with  ether  a3 
in  the  preceding  methods,  evaporate  the  extract  to  dryness,  and  extract  the  residue 
with  petroleum  ether.  The  residue  from  the  petroleum  ether  extract  is  dissolved  in 
water  and  treated  with  a  few  drops  of  a  very  dilute  solution  of  ferric  chlorid.  The 
presence  of  salicylic  acid  is  indicated  by  the  appearance  of  a  violet-red  coloration. 

BENZOIC   ACID. 

First  method. — Benzoic  acid  is  used  for  the  preservation  of  a  large  variety  of  foods. 
It  is  probably  the  preservative  nu»st  commonly  used  with  catsups  and  preserves. 

Extract  from  100  to  200  grams  of  the  sample  by  any  of  the  methods  given  under 
salicylic  acid,  evaporate  the  ether  or  chloroform  extract  to  dryness,  take  up  the 
residue  with  8  or  10  cc  of  water,  filter,  neutralizing  the  filtrate  as  exactly  as  possi- 
ble with  a  dilute  solution  of  sodium  hydroxid,  being  careful  not  to  add  the  sodium 
hydroxid  in  excess,  and  treat  with  a  few  drops  of  a  0.5  per  cent  solution  of  ferric 
chlorid.  The  presence  of  benzoic  acid  will  lie  indicated  by  the  formation  of  a 
voluminous  brownish-colored  precipitate  of  ferric  benzoate. 

Second  method. — Five  hundred  cubic  centimeters  of  the  sample  are  distilled  almost 
to  dryness  after  the  addition  of  20  cc  of  sirupy  phosphoric  acid.  The  distillate  is 
then  extracted  with  several  successive  portions  of  ether  and  the  ethereal  solution 
treated  by  Mohler's  method. 

The  details  are  as  follows:  Evaporate  ofl"  the  ether  from  the  resulting  extract, 
and  treat  the  residue  with  2  or  3  cc  of  strong  snl})huric  acid.  Heat  till  white 
fumes  appear.  Organic  matter  is  charred  and  benzoic  acid  is  converted  into  sulpho- 
benzoic  acid.  A  few  crystals  of  potassium  nitrate  are  then  added.  This  causes 
the  formation  of  metadinitrobenzoic  acid.  When  cool  the  acid  is  poured  into  water 
and  anjmonia  added  in  excess,  followed  by  a  drop  or  two  of  ammonium  sulphid. 
The  nitro  compound  becomes  converted  into  ammonium  metadiamidobenzoate, 
which  possesses  a  peculiar  reddish-brown  color.  This  reaction  takes  place  imme- 
diately and  is  seen  at  the  surface  of  the  liquid  without  stirring.  Salicylic  acid 
will  sometimes  give  the  same  reaction,  but  only  after  waiting  some  minutes.  The 
benzoic  acid  must  first  be  separated  in  a  state  of  approximate  purity  before  this 
test  can  be  applied.  Haifa  milligram  of  the  acid  can  be  detected  in  the  absence  of 
interfering  bodies. 

FLUORIDS. 

The  use  of  fluorids  as  antiseptics  is  now  becoming  (juite  common,  especially  for 
the  preservation  of  wines.  One  hundred  grams  of  tlu^  sample,  made  slightly  alka- 
line with  ammonium  carbonate,  are  heated  to  boiling  and  the  tluorin  ])recipitated 
with  a  few  cubic  centimeters  of  calcium  chlorid  solution.  The  boiling  is  contin- 
ued for  five  minutes  after  the  precipitation,  the  precipitate  removed  by  filtration, 
washed  with  a  little  water,  dried,  and  ignited  in  a  small  platinum  crucible.  One 
cubic  centimeter  of  strong  sulphuric  acid  is  added,  and  the  crucible  is  covered  with 
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a  watch  glass  coated  ■with  beeswax  (marked  in  such  a  way  as  to  permit  it  to  be 
etched  at  some  point)  heated  on  a  water  bath  for  an  hour  at  a  temperature  of  from 
75°  to  80"^.     One  mg  per  kg  can  be  readily  detected  by  this  method. 

BORIC   ACID. 

Fh'st  method. — Boric  acid  and  borax  have  long  been  used  for  the  preservation  of 
many  articles  of  food,  especially  milk  and  meats.  A  great  many  preservatives  are 
pla(  ed  on  the  market  which  consist  especially  of  boric  acid,  either  free  or  combined. 
For  the  detection  of  boric  acid,  from  50  to  100  grams  of  the  sample  are  made  alka- 
line Avith  sodium  hydroxid  or  lime,  dried,  and  thoroughly  ignited.  The  ash  is  acidi- 
fied with  hydrocliloric  acid,  a  drop  of  turmeric  tincture  added,  and  the  dish  placed 
on  the  steam  bath.  The  presence  of  boric  acid  imparts  a  cherry-red  color  which  is 
unmistakable,  even  when  present  in  very  small  quantities.  It  is  best,  however,  to 
always  conduct  a  blank  experiment,  as  a  pale-brown  color  is  commonly  given  by  the 
reagents  themselves. 

Second  method. — Another  method  is  to  make  100  grams  of  the  sample  alkaline  with 
sodium  hydroxid  or  lime,  evaporate  to  dryness,  and  incinerate  as  given  above. 
Digest  the  residue  in  a  few  drops  of  dilute  sulphuric  acid,  add  3  or  4  cc  of  alcohol, 
transfer  the  mixture  to  a  platinum  crucible,  placing  the  cover  in  such  a  position 
that  a  small  opening  is  left,  and  heat  gradually  and  gently  until  the  alcohol  distills 
and  may  be  burned  from  the  opening  that  is  left  at  the  top  of  the  crucible.  The 
presence  of  boric  acid  is  indicated  by  a  green  flame.  If  sufficient  care  has  been 
exercised  in  the  distillation,  the  flame  will  be  free  from  the  influence  of  sodium  or 
calcium,  and  the  green  boric-acid  flame  may  be  recognized  even  if  but  traces  of  the 
substance  be  present. 

ALKALINE   FLUOBORATES   AND   FLUOSILICATES. 

These  preservatives  are  frequently  overlooked  in  the  examination  of  foods,  as  at 
low  temperature  they  are  decomposed,  volatile  compounds  being  formed.  For  their 
detection  200  grains  of  the  sample  aie  made  alkaline  with  lime  water,  evaporated 
to  dryness,  and  incinerated.  The  ash  is  treated  with  water  slightly  acidified  with 
acetic  acid  and  filtered.  The  filtrate  may  be  examined  as  directed  under  "  Boric 
acid"  and  the  precipitate  as  directed  under  "Fluorids." 

PHENOL  DERIVATIVES. 

Several  compounds  closely  related  to  and  derived  from  phenol  and  naphthol  have 
been  used  for  the  preservation  of  fats  to  some  extent,  although  their  use  is  by  no 
means  common.  Two  hundred  grams  of  the  sample  are  acidified  with  dilute  sul- 
phuric acid  and  distilled  with  steam.  The  first  200  cc  of  the  distillate  are  extracted 
in  a  separatory  funnel  with  15  or  20  cc  of  chloroform.  The  chloroform  is  separated, 
rendered  slightly  alkaline  with  potassium  hydroxid,  and  heated  almost  to  boiling  for 
a  few  minutes.  Tlie  presence  of  a  compound  belonging  to  the  class  mentioned  will 
be  shown  by  a  marked  color.  Phenol  becomes  light  red,  changes  to  brown,  then 
bright  yellow,  and  finally  colorless.  0-cresol  takes  on  a  lilac  color  with  a  tinge  of 
orange,  /^-uaplithol  gives  a  deep  Prussian  blue,  changing  to  green,  and  finally  to 
brown.     Salol  takes  on  a  light-red  color. 

STTLPHITES. 

Sulphites  are  very  often  added  to  wine  for  the  double  purpose  of  bleaching  and 
preserving.  Since  the  sulphuring  of  the  casks  is  a  common  practice  and  is  allow- 
able, it  is  a  very  difficult  matter  and  often  impossible  to  tell  whether  the  sulphurous 
acid  is  due  to  the  sulphuring  of  the  cask  or  to  the  addition  of  a  sulphite.  The 
only  way  to  control  the  matter  is  to  prescribe  an  allowable  limit  for  the  amount  of 
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sulphurous  acid  present.     It  may  be  detected  as  follows,  and  should  not  exceed  80 
mg  per  liter: 

One  hundred  cubic  centimeters  of  wine  are  distilled  in  a  current  of  carbon  dioxid, 
after  the  addition  of  phosphoric  acid,  until  about  50  cc  have  passed  over.  The  dis- 
tillate is  collected  in  accurately  standardized  iodin  solution.  When  the  distilla- 
tion is  finished,  the  excess  of  iodiu  is  determined  with  standardized  sodium  thiosul- 
phate  solution,  and  the  sulphurous  acid  calculated  from  the  iodin  used. 

ABRASTOI.    OK    ASAPROL. 

Abrastol  has  been  suggested  for  the  preservation  of  food,  and  is  said  to  have  been 
used  to  some  extent  for  this  purpose  in  Europe.  Its  use  in  this  country  has  not 
become  general,  however,  and  it  is  quite  probable  that  it  does  not  occur  in  American 
foods  at  all.  Bellier"s  method  is  probably  the  most  delicate  that  has  yet  been  sug- 
gested for  its  detection. 

Fifty  cubic  centimeters  of  the  sample  are  made  alkaline  with  a  few  drops  of  am- 
monia, gently  shaken  for  two  minutes  with  10  cc  of  amyl  alcohol  (alcohol  is  added 
if  an  emulsion  be  formed),  the  amyl  alcohol  is  decanted,  filtered  if  turbid,  and 
evaporated  to  dryness.  The  residue  is  thoroughly  moistened  with  2  cc  of  a  mixture 
of  equal  parts  of  strong  nitric  acid  and  water,  heated  on  the  water  bath  until  half 
of  the  water  is  evaporated,  and  transferred  to  a  test  tube  with  the  addition  of  1  cc 
of  water.  About  0.  2  gram  of  ferrous  sulphate  are  now  added,  and  then  an  excess  of 
ammonia,  drop  by  drop,  with  constant  shaking.  If  the  resulting  precipitate  be  of  a 
reddish  color,  it  is  dissolved  in  a  few  drops  of  sulphuric  acid,  and  ferrous  sulph;!te 
and  ammonia  are  added  as  before.  As  soon  as  a  dark-colored  or  greenish  ])recipitate 
has  been  obtained  5  cc  of  alcohol  are  added,  the  precipitate  is  dissolved  in  sulphuric 
acid,  and  the  fluid  is  well  shaken  and  filtered  In  the  absence  of  abrastol  this 
method  gives  a  colorless  or  light-yellow  liquid,  while  a  red  color  is  produced  i:i  the 
presence  of  0.  01  gram  of  abrastol.  The  author  states  that  the  method  is  applicable 
to  the  examination  of  wine,  beer,  sirups,  and  preserved  food. 

Fats  should  first  be  melted,  extracted  with  hot  20  i)er  cent  alcohol,  the  filtered 
alcohol  evaporated  to  dryness,  and  the  residue  treated  as  given  above.  Salicylic 
acid  gives  a  more  orange-colored  liquid  when  treated  in  the  same  manner,  and  when 
this  liquid  is  treated  with  a  few  drops  of  a  very  dilute  ferric  chlorid  solution  the  well- 
known  violet  reaction  is  produced,  while  abrastol  gives  a  blue  color  with  ferric 
chlorid,  which  disappears  on  heating.  The  natural  coloring  matter  Is  not  extracted 
from  the  alkaline  liquid  by  amyl  alcohol,  and  anilin  colors  may  be  removed  by 
evaporating  to  dryness  with  wool,  in  the  presence  of  acetic  acid  or  ammonium 
hydroxid,  according  to  the  nature  of  the  coloring  matter,  when  water  will  dissolve 
only  the  abrastol. 

FORMA  LDEH YDE. 

Distill  about  100  grams  of  the  prepared  sample  until  the  distillate  measures  about 
20  cc.  The  distillate,  after  the  addition  of  one  or  two  drops  of  a  1  per  cent  aqueous 
solution  of  phenol,  is  poured  carefully  on  concentrated  sulphuric  acid  in  a  large  test 
tube.  The  presence  of  even  a  trace  of  formaldehyde  is  indicated  by  the  formation  of 
a  crimson  color  at  the  plane  of  union  of  the  two  liquids,  while,  if  the  preservative  be 
present  in  greater  quantity,  a  white  turbidity,  or  even  a  light-colored  precipitate,  is 
formed  above  the  red  ring. 

Recommexdatioxs. 

The  referee  would  recommend — 

(1)  That  the  report  be  referred  to  a  committee,  to  be  appointed,  who  shall  examine 
it  in  detail,  paying  special  attention  to  the  standards  which  are  given,  and  report 
in  time  to  have  the  methods  printed  in  the  forthcoming  bulletin. 

(2)  That  the  referees  for  the  ensuing  year  pay  some  attention  to  the  determina- 
tion of  starch  in  spices.  Where  they  are  adulterated  by  starch  products,  it  has  been 
found  possible,  even  by  direct  conversion  with  hydrochloric  acid,  to  dett'ct  such 
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adulterations.  It  is  probable  that  the  use  of  a  modern  method  would  afford  a  much 
better  criterion. 

Also  that  the  referees  for  next  year  pay  further  attention  to  standards  not  cov- 
ered by  the  referees  of  this  year  and  to  methods  for  the  examination  of  some  sub- 
stances not  taken  up  by  the  present  referee. 

(3)  That  the  title  of  the  referee  be  changed  to  "Referee  on  food  adulterants." 

THURSDAY— AFTERNOON  SESSION. 

Called  to  order  by  the  president  at  2.15  p.  m. 

The  chair  called  for  the  report  of  the  committee  on  abstracts,  which 
were  read  by  the  chairman  of  the  committee,  Mr.  Allen. 

EEPORT  OP  COMMITTEE  ON  ABSTEAOTS. 

Mr.  President  and  Members  of  ill e  Association. 

Gentlemen  :  Your  committee  has  the  honor  to  report  that  its  work  during  the 
post  year  has  been  conducted  on  the  same  general  plan  as  in  the  previous  year. 
After  ascertaining  the  journals  accessible  to  each  member  of  the  committee,  an 
assignment  of  work  was  made  which  was  intended  to  be  as  nearly  equitable  as  the 
circumstances  would  permit.  Tlie  list  of  journals  for  which  the  different  members 
of  the  committee  have  been  responsible  the  past  year  is  as  follows : 

E.  W.  Allen:  Jour.  f.  Landw.;  Landw.  Veis.  Stat.;  abstract  part  of  Chem.  Centbl., 

Analyst,  Chem.  Ztg.,  Jour.  Chem.  Soc,  Ztschr.  analyt.  Chem.,  and  Ztschr.  angew. 

Chem. ;  and  experiment  station  publications. 
J.  T.  Anderson :  Chem.  Ztg. ;  Jour.  Lond.  Chem.  Soc. 
W.  I).  Bigelow :  Bull.  Assn.  Beige  des  chim. ;   P^orsch.  iiber  Lebensmtl. ;  Eev.  intern. 

Falsif. ;  Ztschr.  physikal.  Chem. 
B.  H,  Hite:  Ann.  chim.  et  phys. ;  Monit.  Scientif. ;  Rev.  chim.  analyt. 
B.  W.  Kilgore:  Analyst;  Chem.  News;  Ztschr.  analyt.  Chem. 
W.  H.  Krug :  Papers  on  sugar  published  in  the  German  language. 

F.  W.  Morse:  Jour.  Amer.  Chem.  Soc. ;  Ztschr.  anorgan.  Chem. ;  Ztschr.  angew  Chem. 
H.  J.  Patterson  :  Amer.   Chem.  Jour. ;  Boston  .Jour.  Chem. ;  Jour.  Soc.  Chem.  Ind. ; 

Science  News. 
F.W.WoU:  Milch  Ztg. ;  Ztschr.  Nahr.  Untersuch.  und  Hyg. ;  Ztschr.  physiol.  Chem. 

The  publication  of  the  abstracts  began  in  Experiment  Station  Record,  volume  8, 
No.  4,  and  has  continued  quite  regularJy  through  the  year  up  to  volume  9,  No.  3, 
which  is  noAv  in  press.  The  printed  work  of  the  committee  has  occupied  about 
70  pages.  Besides  the  articles  which  have  been  abstracted  at  considerable  length, 
a  large  number  of  papers  have  been  noted  briefly  or  by  title  merely.  In  most  lines 
it  is  believed  that  the  held  has  been  covered  in  a  general  way  and  the  work  is  well 
up  to  date. 

As  in  the  previous  year,  the  work  of  the  abstract  committee  has  been  supplemented 
by  Mr.  W.  H.  Beal,  of  the  Office  of  Experiment  Stations,  to  whom  acknowledgment 
is  here  made. 

E.  W.  Allen, 

J.  T.  Anderson, 
W.  D.  Bigelow, 
B.  H.  Hite, 
B.  W.  Kilgore, 
W.  H.  Krug, 

F.  W.  Morse, 

H.  J.  Patterson, 

F.  W.  WOLL, 

Committee. 
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Upon  motion  the  report  was  accepted. 

The  chair  called  for  the  report  of  the  committee  on  volume€ric  stand- 
ards, whicli  was  read  by  Mr.  Kilgore. 

REPOET  OF  COMMITTEE  OIs^  STAITDAEDS  FOE  VOLUMETEIC  APPAEATUS, 
STATOAED  TEMPEEATUEES  FOE  SPEOIFIO-GEAYITY  DETEEMINATIONS, 
ETC. 

In  view  of  the  numerous  methods  in  use  1>y  the  manufacturers  of  chemical  ulass- 
ware,  for  the  calibration  and  graduation  of  volumetric  apparatus,  it  seems  ])roper 
that  this  association,  in  collaboration  with  the  other  scientific  bodies  of  this  and 
other  countries,  take  up  the  work  of  bringing  about  uniformity  in  the  apparatus 
offered  for  sale  by  dealers  and  in  obtaining  legislation,  if  necessary,  to  insure  the 
marking  of  all  measuring  vessels  and  instruments  in  a  manner  that  will  clearly 
indicate  the  system  of  graduation  used,  in  the  case  of  each  individual  piece  of 
apparatus. 

This  subject  has  been  carefully  studied  in  Europe  for  several  years,  and  several 
reports  have  been  made  by  German  chemical  societies  and  by  committees  of  the 
international  congresses  of  applied  chemistry-  which  have  been  held  in  Brussels  and 
Paris  during  recent  years.  The  imperial  bureau  of  weights  and  measures  of  Ger- 
many has  taken  up  the  matter,  and  has  minutely  defined  tlie  conditions  under  which 
it  works,  in  testing  apparatus  submitted  for  that  purpose.  A  scale  of  fees  has 
already  been  established  for  the  testing  of  apparatus  and  the  placing  of  the  official 
stamp  thereon.  A  committee  is  to  report  on  this  subject  to  the  next  Congress  of 
Applied  Chemistry,  to  be  held  in  Vienna  next  year. 

We  therefore  make  the  following  recommendations: 

(1)  That  this  association  adopt,  at  the  earliest  moment  practicable,  a  definite  sys- 
tem for  the  graduation  of  all  chemical  measuring  instruments,  including  accurate 
definitions  of  the  basis  of  graduation,  form,  and  limits  of  accuracy  of  each  class  of 
apparatus. 

(2)  That  an  invariable  standard  unit  of  volume  l^e  adopted.  For  this  standard 
we  recommend  the  true  liter  Ctho  volume  occupied  by  1,000  grams  water  at  4-  C, 
weighed  in  vacuum)  and  the  decimal  divisions  thereof,  which  have  already  been 
adopted  by  the  International  Congress  of  Applied  Chemistry  held  in  Paris  in  1896. 
This  is  the  only  invariable  and  truly  scientific  unit  of  volume. 

(3)  That  the  members  of  this  association,  whenever  they  make  purchases  of  labo- 
ratory supplies  in  the  future,  insist  u])on  having  apparatus  graduated  upon  this 
system;  also  that  members  of  the  association  having  college  duties  use  this  system, 
whenever  jxjssible,  in  their  class  work. 

(i)  That  the  members  of  this  association  observe  the  temperature  of  their  labora- 
tories during  working  hours,  in  order  t(j  arrive  at  the  best  teaiperature  for  the 
calibration  of  volumetric  apparatus  for  use  in  their  own  laboratories  and  for  general 
use  in  this  country. 

(5)  That  a  committee  be  appointed  to  take  steps  to  secure  the  cooperation  of  other 
scientific  bodies  in  this  work. 

(6)  That  there  be  printed  in  the  proceedings  of  this  association  translations  of 
the  requirements  for  measuring  instruments  adopted  by  the  Deutsche  Gesellschaft 
fiir  angewandte  Chemie  in  1891  and  i)iiblished  by  tlie  German  bureau  of  weights 
and  measures  in  1893.' 

(7)  That  the  results  of  all  determinations  of  si)ecific  gravity,  whenever  i>racti- 
cable,  be  expressed  in  terms  of  water  at  4  C. — that  is,  that  the  specific  gravity  of 
the  substance  be  regarded  as  the  weight  in  grams  of  1  true  cubic  centimeter  of  the 
substance,  at  the  temperature  at  which  the  determination  is  made. 

B.  W.   KiL(;OKE.  Chairman. 

C.  L.  Penny. 

E.    E.    EWELL. 


•  For  this  translation,  see  Appendix. 
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DISCUSSION  OP  STANDARDS. 

Mr.  Patrick  moved  that  the  report  be  accepted  and  adopted. 

Mr.  KiLGORE.  To  some  members  of  the  association  who  have  not 
thought  a  great  deal  about  it.  this  may  not  seem  an  important  matter. 
But  when  we  consider  the  two  systems  of  volumetric  units  upon  which 
our  glassware  is  graduated  and  the  differences  that  may  arise  when  we 
make  up  solutions  in  apparatus  graduated  on  one  system,  and  use  them 
in  burettes  graduated  on  the  other,  it  is  a  matter  of  the  greatest 
importance.  There  are  two  systems  in  use,  the  Mohr  liter  and  the  true 
liter.  If  part  of  our  apparatus  be  graduated  upon  the  Mohr  system 
and  part  upon  the  true  liter  we  may  have  trouble.  It  appears  to  the 
committee  that  the  true  liter  is  the  only  invariable  standard,  and  that 
it  would  be  well  for  this  association,  in  conjunction  with  the  other 
scientific  bodies  of  the  country,  to  recognize  this  as  the  true  volume 
and  insist  upon  having  all  our  apparatus  graduated  upon  this  system. 
The  main  advantage  claimed  for  the  Mohr  system  is  that  at  17.5^ 
a  liter  flask  is  placed  upon  the  balance  and  1,000  grams  of  water 
weighed  without  making  any  correction.  It  is,  however,  a  very  simple 
matter  to  make  the  calculation  for  a  correction  that  would  make  it  the 
truth  instead  of  the  estimation  it  is. 

One  other  point  we  desire  to  call  attention  to  is  the  temperature  to 
be  used  in  marking  this  volumetric  apparatus.  JSTow  we  have  appa- 
ratus marked  on  the  Mohr  system  at  15°  C,  though  his  first  tempera- 
ture was  17.5°  C.  There  is  quite  a  little  difference  in  a  hter  flask  grad- 
uated for  water  at  15°  and  17.5°  C.  j  there  is  an  expansion  of  about  0.06 
cc.  It  is  possible,  therefore,  for  large  errors  to  creep  into  the  work  on 
this  account.  We  think  it  is  possible  for  the  members  of  this  associa- 
tion, by  observing  the  temperatures  of  their  laboratories,  to  come  to  a 
uniform  standard  of  temperature  at  which  we  can  have  all  our  apparatus 
marked.  Seventeen  degrees  is  too  low,  and  21°  or  22°  0.  would  come 
nearer  working  conditions.  By  a  long  system  of  experiments,  1  have 
found,  in  our  laboratory,  that  the  average  temperature  for  the  working 
time  of  the  day  is  21. 8°  C.  We  do  not  think  it  wise  to  take  any  action 
in  this  matter  now,  but  leave  it  for  observation  in  the  different  labora- 
tories, and  if  we  can  come  to  some  understanding  as  to  the  tempera- 
ture at  which  we  can  have  our  apparatus  graduated,  it  will  be  a  great 
advantage. 

The  Chair  called  attention  to  the  fact  that  the  pending  motion  was  for 
the  acceptance  and  adoption  of  the  report,  and  questioned  whether  the 
word  ''approved"  should  not  be  used  instead.  The  matter,  he  be- 
lieved, would  come  up  before  the  International  Congress  of  Chemists 
at  Vienna  shortly,  and  if  this  were  so  it  might  be  well  for  the  asso- 
ciation, without  taking  final  action,  simply  to  approve  the  general 
recommendation,  leaving  the  adoption  to  wait  upon  the  action  of  the 
international  congress,  but  continuing  the  committee  or  appointing 
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another  to  see  that  the  general  recommendation  of  the  association  bo 
registered  with  the  Congress  of  Chemists  at  Vienna. 

Mr.  KiLGORE.  That  was  the  object  of  the  committee,  not  to  ask  for 
any  definite  action  from  the  association  in  recognizing  any  standard, 
but  merely  to  bring  the  matter  before  it  in  a  way  that  would  help  to 
bring  about  an  international  standard.  All  we  ask  is  that  the  report 
be  approved  and  accepted  ;ind  the  matter  go  over. 

Mr.  Patrick  thereupon  withdrew  his  motion  and  moved  simjjly  that 
the  report  of  the  committee  be  accepted.     Carried. 

Mr.  AVinton  moved  that  the  committee  on  volumetric  standards  be 
continued  for  another  year,  since  its  work  could  not  be  completed 
before  the  European  committees  reported,  and  before  the  association 
could  take  final  action  on  the  matter  it  would  be  necessary  to  have  the 
committee  report  again  to  tlie  association.  He  also  moved  that  the 
committee  be  enlarged  from  three  to  five.     Seconded  and  adopted. 

The  chair  later  appointed  Messrs.  Wiley,  of  Washington,  and  Cald- 
well, of  Cornell,  the  additional  members  of  this  committee. 

RECOMMENDATIONS  AS  TO  DAIRY  PRODUCTS. 

Mr.  Bartlett.  The  first  four  recommendations  of  the  referee  on 
dairy  products  are  approved  by  the  committee.     They  are  as  follows: 

The  committee  recommends — 

(1)  That  the  provisional  method  for  determining  casein  in  cow's  milk  be  ina<le 
official,  inserting  in  line  3  (Circular  No.  2,  Department  of  Agriculture),  after  ''  add/' 
the  following  words :  "One  part  of  formaldehyde  to  2,500  parts  of  milk,"  and  in  the 
iirstline  of  the  second  parauraph  snbstitate  the  word  '^  preservatives  "  for  ''mercuric 
chlorid."' 

(2)  That  the  modified  jjrovisional  method  for  determining  albunnn  in  cow's  milk 
Ije  substituted  as  a  provisif)nal  method  fur  the  present  provisional  method,  and  tliat 
further  cooperative  work  be  done  on  the  determinatiou  of  albumin. 

(3j  That  the  magnesium  sulphate  metliod  for  deternnning  casein  in  cow's  milk  be 
made  an  official  optional  method. 

(i)  That  under  milk  (a)  (Bulletin  No.  4t))  the  i)hraseology  of  the  first  and  second 
sentences  be  changed  to  read  as  follows:  -Heat  to  constant  weight  from  1  to  2 
grams  of  milk  in  a  tared  flat  dish,  having  a  diameter  of  not  less  than  5  centimeters, 
containing  15  to  20  grams  of  pure  dry  sand,  or  without  sand,  at  the  temperature  of 
boiling  vrater." 

DISCUSSION  OF  FOOD  ADULTERATION. 

Mr.  Bartlett.  The  committee  recommends  that  the  report  of  the 
referee  on  food  adulterations  and  standards  of  purity  and  the  whole 
subject  of  food  adulterations,  including  dairy  products,  be  referied  to 
a  committee  of  five,  to  be  appointed  by  the  incoming  president,  such 
committee  to  have  subcommittees,  and  to  refer  methods  and  standards 
to  tlie  next  meeting  of  the  association. 

Mr.  BiGELOW.  I  think  probably  we  might  make  a  little  better  time 
than  that  and  get  some  of  the  methods  into  the  next  bulletin.  I  think 
a  committee  of  five  would  be  rather  cumbersome;  probably  a  connnittee 
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of  three  would  act  with  more  facility.  I  would  move  to  amend  the 
recommendation  of  the  committee  and  substitute  for  it  that  a  committee 
of  three  be  appointed  by  the  chair  to  examine  the  methods  and  stand- 
ards reported,  modify  them  as  may  seem  best,  and  have  the  report 
printed  in  the  coming  edition  of  methods  of  analysis. 

Mr.  ScovELL.  It  was  not  the  intention  of  the  committee  to  exclude 
this  referee's  report  from  the  publication,  but  we  did  not  wish  to  adopt 
any  system  until  this  committee  reported  it.  It  was  the  intention  to 
have  a  committee  appointed  which  would  be  broad  in  its  scope  and 
have  the  whole  subject  of  food,  especially  as  to  standards,  submitted 
to  the  next  convention.  The  report  of  the  referee  will  be  included  in 
the  proceedings. 

Mr.  Yan  Slyke.  In  the  ajioption  of  standards  for  the  purity  of  food 
stuffs,  I  think  we  ought  to  proceed  with  caution.  If  the  association 
adopt  standards  they  will  be  made  use  of  in  the  courts  of  the  different 
states.  If  we  make  a  mistake  we  shall  do  an  injury,  because  our  work 
will  be  referred  to  by  one  side  or  the  other,  and  if  in  the  suggestion  of  a 
standard  we  make  an  error,  then  somebody  will  make  use  of  it  to  our 
injury  as  well  as  to  the  injury  of  the  trade  in  which  that  particular 
product  may  be  found.  My  feeling  is  that  in  the  end  the  best  interests 
of  all  would  be  subserved  by  letting  the  matter  simmer  in  the  hands  of 
a  desirable  committee  for  another  year. 

Mr.  Huston.  There  seems  to  be  a  little  misunderstanding  here.  I 
understand  that  the  referee  on  this  subject  keeps  the  same  relative 
position  that  any  other  referee  does.  He  deals  with  the  technical 
work  relating  to  the  subject  of  foods  and  food  adulterants,  methods  of 
detection,  etc.  Now,  as  I  understand  it,  this  committee  is  to  cover 
more  general  matters  relating  to  the  subject,  including  whatever  action 
may  be  necessary  relative  to  legislation,  and  possibly  the  passing  upon 
standards  for  comparison.  It  seems  to  me  there^  is  a  good  field  for 
such  a  committee,  and  that  if  drawn  from  different  sections  of  the 
country  it  can  be  very  valuable  in  this  matter,  for  there  are  widely  vary- 
ing conditions  in  even  raw  material  that  enters  into  food  products  in 
different  sections  of  the  country.  I  do  not  understand  that  this  com- 
mittee is  to  take  the  place  of  the  referee  at  all.  I  think  we  should 
proceed  with  caution,  and  that  a  good,  strong,  conservative  committee 
can  be  of  service. 

Mr.  Wheeler.  I  think  we  have  had  points  enough  to  show  that 
this  association  should  proceed  slowly  in  the  matter,  and  time  be  given 
for  the  adoption  of  standards  to  which  we  can  adhere  in  the  future. 
For  that  reason  I  hope  the  amendment  will  be  defeated. 

The  amendment  was  lost.  The  Chair  then  put  the  original  motion 
on  the  adoption  of  the  recommendation,  which  was  cairied. 

The  president-elect,  Mr.  Winton,  appointed  the  following  gentlemen 
as,  members  of  the  committee,  viz:  H.  W.  Wiley,  chairman;  H.  A. 
Weber,  Columbus,  Ohio;  M.  A.  Scovell,  Lexington,  Ky.;  E.  H.  Jenkins, 
Xew  Haven,  Conn. ;  William  Frear,  State  College,  Pa. 
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RECOMMENDATIONS  ON  PURE  FOOD  AND  SOIL  ANALYSIS. 

Mr.  Bartlett.  (Referring  to  the  committee  on  pure-food  legisla- 
tion.) The  committee  recommends  that  this  association  approve  the 
recommendations  of  the  committee  on  pure-food  legislation,  approve 
the  bill  as  drawn  by  the  committee,  that  the  committee  be  continued 
and  authorized  to  transmit  the  bill  to  the  proper  committees  of  the 
National  House  of  Representatives  and  Senate  with  the  indorsement 
of  this  association,  and  urge  speedy  action  along  the  lines  mentioned. 

Adopted,  and  the  committee  continued  with  powers  as  described. 

Mr.  Bartlett.  (Eeferring  to  the  recommendations  of  the  referee 
on  soil  analysis.)  The  committee  recommends  that  his  first  recommen- 
dation, that  the  ammonium  and  calcium  chlorid  methods  be  further 
investigated  next  year,  be  approved. 

Adopted. 

Mr.  Bartlett.  (Eeferring  to  the  recommendation  of  the  referee  on 
soil  analysis,  that  the  one-fifth  normal  HCl  solution  for  determination 
of  available  phosphoric  acid  be  made  an  ofl&cial  method.)  This  com- 
mittee does  not  recommend  the  adoption  of  this  as  an  official  method, 
but  that  the  referee  for  next  year  give  it  further  trial. 

Adopted. 

Mr.  Bartlett.  (In  regard  to  recommendations  3,  4,  and  5,  of  the 
referee  on  soil  analysis.)  The  committee,  after  a  careful  consideration 
of  the  referee's  paper  and  examination  of  the  methods  printed  in  Bul- 
letin 40,  recommends  that  the  chair  appoint  a  committee  to  carefully 
rewrite  the  methods  of  soil  analysis  for  the  next  issue  of  the  official 
bulletin,  the  committee  to  act  in  conjunction  with  the  secretary. 

Adopted.    Committee  to  be  nominated  by  the  chair  later. 

The  committee  on  recommendations  withdrew  at  this  moment.  The 
regular  order  of  business  was  resumed,  and  papers  and  communica- 
tions upon  adulteration  of  dairy  products  were  called  for.  jS^one  was 
presented. 

Papers  and  oral  communications  on  fermented  and  distilled  liquors 
were  called  for.     None  was  presented. 

Pai)ers  and  oral  communications  on  the  general  subject  of  food 
adulterations,  and  upon  analysis  of  normal  dairy  products  were  called 
for.  None  was  presented,  but  the  following  statement  was  made  by 
Mr.  Patrick: 

Mr.  Patrick.  I  have  recently  discovered  that  the  official  methods 
do  not  contain  the  WoUny  method  for  the  saponification  of  fats.  It 
seems  to  me  it  should  be  included.  It  is  saponification  under  a  refiux 
condenser.  As  I  think  it  must  have  been  omitted  by  mistake,  I  move 
that  it  be  included  in  our  methods  as  a  provisional  method  for  the  com- 
ing year,  the  recommendation  to  be  referred  to  the  committee  on  rec- 
ommendations. 

Seconded. 

Mr.  Lindsey.  Can  anyone  tell  us  why  it  was  omitted? 
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Mr.  Wiley.  The  present  method  of  operation  was  suggested  and 
used  on  account  of  its  greater  rapidity  and  the  absolute  certainty  of  no 
loss  of  volatile  acids  during  saponification.  I  think  any  of  you  who 
have  worked  with  the  condenser  will  have  noticed  the  odor  of  butyric 
acid  in  the  room  during  the  operation.  Any  process  which  would  stop 
that  entirely  was  tliought  to  be  better.  Again,  saponification  under 
pressure  takes  less  time,  and  in  other  respects  was  found  to  be  more 
desirable.  I  should  have  no  objection,  however,  to  allowing  persons 
who  wish  to  use  the  older  method  being  allowed  to  do  so  as  a  provi- 
sional method. 

Mr.  Patrick.  While  I  have  no  fault  to  find  with  the  pressure  method, 
I  believe  that  where  one  chemist  uses  the  pressure  method  half  a  dozen 
use  the  reflux  condenser.  Since  I  have  been  at  this  meeting  I  have 
come  across  two  gentlemen  who  use  the  reflux  condenser.  I  myself 
always  used  it  until  within  the  last  year.  I  should  like  to  hear  an 
expression  from  other  members. 

The  President.  Has  anyone  made  a  specific  comparison  of  the  two 
methods  ?    If  not,  it  is  a  study  worthy  of  attention  at  any  rate. 

Mr.  Wiley.  I  think  for  most  fats  the  reflux  condenser  is  more  sim- 
ple, because  a  special  flask  is  required  for  the  pressure  method.  As 
Mr.  Patrick  says,  for  ordinary  work  perhaps  the  reflux  condenser  is 
more  convenient,  and  for  fats  without  volatile  acids  is  perfectly  safe.  I 
do  not  remember  now  whether  we  ever  made  any  comparisons  at  that 
time  or  not. 

Adopted,  for  reference  to  the  committee  on  recommendations. 

No  communications  were  presented  upon  the  subject  of  fermented 
and  distilled  liquors. 

The  President.  Are  there  any  communications  upon  the  subject  of 
analysis  of  food  products  1  It  will  be  recalled  that  there  is  no  report 
from  the  referee  on  analysis  of  sugar.  Are  there  any  papers  to  pre- 
sent upon  that  subject? 

Mr.  Wiley.  I  think  the  methods  are  very  satisfactory  and  can  be 
safely  left  without  change.  I  will  say  here  that  the  Treasury  Depart- 
ment has  lately  gone  very  carefully  over  the  methods  of  polarization, 
in  connection  with  the  tariff  on  sugar,  and  there  is  now  in  press  a  pam- 
phlet giving  the  conclusions  of  the  committee  appointed  for  this  purpose 
by  the  Secretary  of  the  Treasury,  consisting  of  myself  as  chairman, 
Mr.  Braid,  of  the  office  of  weights  and  measures  of  the  Coast  and  Geo- 
detic Survey,  and  Mr.  Orampton  of  the  Internal  Revenue.  We  have 
gone  very  carefully  over  the  methods  of  polarization,  and  while'  there 
have  been  a  few  minor  changes,  they  are  not  of  sufficient  importance 
Yo  warrant  any  changes  at  this  time.  The  Treasury  has  authorized 
the  use  of  the  shadow  instrument,  to  the  exclusion  of  the  old  color 
instrument,  which  was  unsuited  to  persons  who  are  at  all  color-blind. 
Anyone  who  can  see  can  distinguish  a  shadow  from  an  illumination, 
and  that  is  the  chief  advantage  the  shadow  instrument  has  over  the 
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color  instrument.  I  believe  the  members  of  tlie  association  almost 
universally  use  the  shadow  instrument,  but  those  who  are  not  color- 
blind and  use  the  color  instrument  doubtless  can  secure  just  as  accurate 
results  in  polarization.  Some  improvements  have  been  made,  and  I 
would  advise  any  of  you  who  are  purchasing  instruments  now  to  get 
the  triple-lield  shadow  instrument  as  distinguished  from  the  old  double 
shadow  instrument. 

An  imjiortant  thing  is  that  any  person,  connected  with  official  work 
in  the  United  States,  can  have  his  apparatus  for  polarization  standard- 
ized by  the  office  of  weights  and  nseasures  of  the  Coast  and  Geodetic 
Survey,  free  of  charge.  I  advise  members  of  this  association  to  corre- 
spond with  that  office,  and  as  they  have  opportunity  have  all  their 
apparatus  standardized  at  that  place. 

Mr.  Huston  moved  that  the  Secretary  of  the  Treasury  be  requested 
to  forward  copies  of  his  bulletin  on  polarization  to  all  members  of  this 
association.     Seconded, 

Mr.  Wiley.  I  think  the  Secretary  of  the  Treasury  will  be  glad  to  do 
so.  If  this  resolution  pass,  I  will  myself  ask  him  to  grant  this  favor, 
and  am  quite  sure  he  will  be  glad  to  do  so. 

The  resolution  was  adopted. 

The  President.  In  the  absence  of  the  committee  on  recommenda- 
tions, the  next  subject  is  the  report  of  the  referee  on  tanning  materials. 
The  referee  is  unable  to  be  present,  but  the  associate  referee  will 
present  the  report. 

Mr.  Yocum  read  the  following  report : 

EEPOET  ON  TA1^"NINS. 
By  John  H.  Yocum,  Associate  Beferee. 

Mr.  Weetenfelder,  tlie  referee  for  this  year,  sent  out  samples  of  tanning  extract 
to  various  members  of  the  association.  These  samples  were  accompanied  by  hide 
powder  and  a  circular  letter  outlining  the  method  to  be  pursued.  Unfortunately, 
Mr.  Westenfelder  found  he  could  not  attend  the  meeting  and  turned  the  matter 
over  to  me  as  assistaut  referee  to  inake  the  report,  etc.  Results  were  returned  by 
five  operators  and  are  of  a  very  satisfactory  nature.  Owing  to  a  misunderstanding, 
last  year's  referee  did  not  present  a  report.  I  made  request  to  him  lor  the  data 
then  collected  that  they  might  be  embodied  in  this  report,  but  have  not  received 
them. 

The  method  outlined  in  the  circular  letter  is  as  follows : 

CI)  Weigh  about  20  grams  of  the  sample;  wash  into  llask  with  hot  water,  add  cold 
Avater  nearly  to  mark,  cool,  and  make  up  to  1,000  cc;  shako  thoroughly. 

(2)  Immediately  measure  out  100  cc  into  a  weighed  dish  and  evaporate  and  dry  to 
constant  weight  at  temperature  of  boiling  water.     Result:  Total  solids. 

(3)  Filter  about  125  cc  of  solution  through  a  doubled  folded  filter  (S  &  S  No.  590,  25 
cm),  returning  filtrate  through  filter  twice.  Evaporate  and  dry  as  before.  Result: 
Soluble  solids. 

(4)  Shake  20  grams  hide  powder  with  250  cc  of  water  for  five  minutes;  strain 
through  linen.  Repeat  operation  three  times.  Finally  remove  as  much  water  as 
possible  by  s(i[ueezing  the  material  in  a  press.  Transfer  the  pressed  hide  })Owder  to 
a  covered  dish  and  weigh.     Weigh  off  a  portion  approximately  equal  to  one-fourth 
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of  the  whole  and  dry  to  constant  weight.  To  200  cc  of  original  solution^  add  the 
remainder  of  the  washed  hide  powder,  and  shake  for  ten  minutes;  add  5  grams  of 
BaS04  free  from  soluble  salts  and  shake  for  one  minute;  filter  immediately  through 
a  folded  filter  ( S  &  S  No,  590,  15  cm),  returning  the  first  25  cc.  Filtrate  must  be  abso- 
lutely clear;  if  not,  repeat  filtration  till  so.  Evaporate  100  cc  and  dry  as  before. 
The  weight  of  residue  must  be  corrected  for  the  dilution  caused  by  the  water  con- 
tained in  the  hide  powder.  The  shaking  must  be  done  in  some  form  of  mechanical 
shaker.  The  machine  used  by  druggists  and  known  as  the  ''milk  shaker"  is  rec- 
ommended.    Result:  Nontannins. 

(5)  Shake  10  grams  of  hide  powder  with  200  cc  of  water  for  five  minutes;  filter 
through  linen;  squeeze  out  thoroughlj^  by  hand;  collect  hide  powder  and  repeat 
operation  twice  with  the  same  quantity  of  water.  Pass  the  last  filtrate  through 
paper  until  a  perfectly  clear  liquid  is  obtained.  Evaporate  100  cc  and  dry  as 
before.  Residue  should  not  amount  to  more  than  10  mg.  The  above  is  test  for 
quality  of  the  hide  powder. 

(6)  Test  a  small  portion  of  the  nontannin  filtrate  with  a  few  drops  of  a  10  per 
cent  solution  of  gelatin  (Nelson's).  Solution  must  remain  unaltered  (not  the  slightest 
turbidity). 

(7)  Test  for  soluble  hide:  Use  a  filtered  solution  (original)  of  the  tanning  material 
instead  of  the  gelatin  solution.     There  must  be  no  turbidity. 

(6  a)  If  the  above  test  show  the  presence  of  tannin,  repeat  whole  operation  with  25 
grams  of  hide  powder. 

(7  a)  If  above  test  show  the  presence  of  soluble  hide,  repeat  whole  operation  with 
a  perfectly  washed  hide  powder. 

All  dryings  must  be  done  at  the  temperature  of  boiling  water,  viz,  97°  to  99°  C. 

Dishes  should  l)e  covered  during  drying  and  cooled  in  desiccators. 

One  hundred  cubic  centimeters  of  solution  should  be  taken  in  all  cases  for  evapo- 
rating and  drying. 

Dry  5  grams  of  sample  in  flat-bottom  dish  to  constant  weight  for  moisture. 

The  results  reported  are  shown  in  the  table.  The  maximum  difference  in  total 
solids  is  1.63  per  cent;  in  soluble  solids,  1.80  per  cent;  in  nontannins,  0.95  per  cent. 

Heretofore  the  major  differences  have  been  in  the  nontannins,  and  the  concordance 
in  this  particular  in  these  results  is  very  encouraging. 

The  soluble  hide  in  the  hide  powder  is  reported  as  follows: 

Gram. 

Westenfelder 0.0050 

Carr 0030 

Haley 0010 

Krug 0088 

Yocum 0030 

Table  of  results. 


Operator. 

Water. 

Total 

solids. 

Soluble 

solids. 

Non- 
tannins. 

Tannins. 

Beds. 

"Westenfelder 

Per  cent. 
57.74 
59.21 
58.69 
58.99 
58.21 

Per  cent. 
42.26 
40.83 
41.31 
41.01 
42.15 

Per  cent. 
41.02 
39.22 
40.63 
40.32 
39.86 

Per  cent. 
IC.  52 
16.  96 
16.68 
16.95 
17.47 

Per  cent. 
24.50 
22.76 
23.95 
23.37 
22.39 

Per  cent. 
1.24 

Carr       

1.61 

Haley 

.68 

Krue 

.69 

2.34 

Mean                                  .         

58.57 
.83 

41.51 
.75 

40.21 
.99 

16.92 
.55 

23.39 
1.21 

1.30 

Maximum  difference  from  mean 

1.04 

Mr.  Westenfelder  reports  that  10  grams  of  hide  powder  gave  less  than  5  mg  of 
soluble  material  under  conditions  of  testing  hide.     He  obtained  19.18  per  cent  non- 
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tannins  by  shaking  200  cc  of  the  extract  solution  with  10  grams  of  dry  unwashed 
hide  jiowder. 

Mr.  Carr  made  report  of  19,18  per  cent  of  uontannins  originally,  hut  later  found 
upon  going  over  his  results  an  error  in  them,  and  reports  16.96  per  cent  nontannins 
as  the  correct  result. 

He  dried  the  materials  in  vacuo  at  100-  C,  which  no  doubt  makes  his  results  on 
solids  a  trifle  lower  than  the  others. 

Mr.  Haley  obtained  15.75  per  cent  of  nontannins  with  the  use  of  50  grams  wet- 
pressed  official  hide  powder  (equivalent  to  lOi  grams  dry);  15.85  per  cent  with  50 
grams  of  wet-pressed  Vienna  hide  powder  (equivalent  to  12  grams  dry),  and  16.24 
per  cent  with  50  grams  wet-i^ressed  hide  powder  of  his  own  make  (equivalent  to  11^ 
grams  dry). 

Mr.  Krug  obtained  16.24  per  cent  nontannins  by  the  use  of  an  unofficial  hide  pow- 
der that  gave  0.0065  gram  of  soluble  material. 

I  obtained  17.76  per  cent  nontannins  from  an  unofficial  hide  powder. 

These  results  show  that,  in  the  hands  of  operators  accustomed  to  the  work,  the 
nontannins  can  be  obtained  in  better  accord  than  can  the  results  from  simple  drying 
of  viscous  solutions,  such  as  the  extract  itself  is. 

It  is  generally  recognized  that  the  tannin  determination  is  not  one  of  a  single 
substance,  but  rather  of  a  group  having  much  the  same  characteristics,  and  that 
besides  the  chemical  union  of  tannin  and  hide  there  also  occurs  an  occlusion  by  the 
hide  of  the  other  soluble  materials  in  the  extract.  This  precludes  the  possibility  of 
obtaining  anything  like  the  exact  concordance  that  is  obtained  by  purely  chemical 
methods. 

The  nontannins,  obtained  by  the  various  operators  using  the  official  and  other  hide 
powders  on  the  official  extract,  show  the  variations  possible  with  hide  powders, 
answering  their  individual  requirements,  and  emphasize  the  necessity  of  some 
standard  in  this  respect. 

The  differences  in  the  results  obtained  on  water  and  total  solids  are  due  to  the 
same  general  causes  that  occasion  differing  results  in  the  drying  of  other  organic 
solids,  and  can  be  regulated  to  a  great  extent  by  uniformity  of  time  and  temperature 
of  drying. 

Because  of  the  oxidation  and  decomposition  undergone  by  organic  matter  when 
dried  in  the  air  it  is  impossible  to  obtain  final  results  that  represent  the  true  per- 
centage of  water,  yet  most  chemists  making  tannin  determinations  have  not  the 
facilities  for  drying  in  hydrogen  or  in  vacuo,  and  it  is  as  yet  an  open  question  if  such 
treatment  would  prevent  decomposition  in  tanning  solutions;  consequently  it  does 
not  seem  proper  to  suggest  changes  in  this  direction. 

By  specifying  the  length  of  time,  temjierature,  and  size  of  dish  a  better  agree- 
ment may  be  obtained  next  year. 

The  soluble  solids  are  influenced  by  the  temperature  of  the  solution  when  filtered. 
Inasmuch  as  the  temperature  of  the  laboratory  seldom  varies  outside  the  limits  of 
16-  to  20'-^  C,  this  has  little  influence.  The  filter  paper  causes  difierences,  but  S  &  S 
No.  590  15  cm  seems  to  give  results  of  a  satisfactory  nature. 

There  seems  to  be  more  cause  for  difi'erence  in  the  temperature  of  the  solution  at 
the  time  the  extract  is  dissolved  than  from  either  of  the  abo\e  causes.  A  solution 
made  by  dissolving  20  grams  of  extract  in  1,000  cc  of  water  at  16^'  C.  stood  four 
hours,  and  filtered  through  doubled  folded  15  cm  8  iSc  S  Xo.  590  pa])er  gave  39.09 
per  cent  of  soluble  solids.  The  same  solution  standing  eighteen  hours  gave  39.24  per 
cent  soluble  solids.  Evidently  the  reds  that  are  first  thrown  down  by  contact  with 
cold  water  are  to  a  limited  extent  redissolved  on  standing.  By  dissolving  the  extract 
at  80^  C.  and  letting  stand  four  hours  40.05  per  cent  soluble  solids  were  obtained,  and 
by  letting  stand  eighteen  hours,  40.07  per  cent.  By  dissolving  at  25^  C.  and  letting 
stand  four  hours  39.75  per  cent  soluble  solids  were  obtained,  and  by  letting  stand 
eighteen  hours  39.62  per  cent.  By  filtering  with  kaolin  the  solution  made  at  16-^  C. 
gave  37.54  per  cent,  that  made  at  25^^  C.  gave  37.65  per  cent,  and  that  made  at  80^ 
15G63— Xo.  51 10 
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gave  38.55  per  cent  soluble  solids.  The  nontannins  were  not  influenced  by  any  of 
the  methods  of  dissolving,  nor  were  they  less  from  the  kaolin  filtrates. 

Though  the  results  upon  nontannins  from  this  year's  work  are  in  fair  accord,  the 
variations  due  to  the  use  of  other  than  the  ofScial  hide  powder  are  wide.  The  lowest 
result  is  from  Mr.  Haley — 15.75  per  cent — and  the  highest  my  own — 17.76  per  cent. 

The  value  of  a  standard  hide  powder  or  a  means  of  knowing  the  efficiency  of  a 
given  hide  powder,  is  great.  Six  hide  powders  were  tested  according  to  the  two 
tests  given  in  last  jear's  published  method  (Bull.  49,  p.  118),  the  soluble- liide  test 
and  the  gallo-tanuin  test. 

Results  of  the  year's  work  are  given  in  the  following  tables : 

Table  I. — Analysis  of  hide  powders. 


Sample. 

Mois- 
ture. 

Fat. 

Ash. 

AI2O3 

and 

Fe^Os- 

CaO. 

MgO. 

1^0.  1 

Per  cent. 
13.00 
12.40 
13.00 
12.30 
14.00 
12.00 

Per  cent. 

Per  cent. 
0.50 
2.66 

Per  cent. 

Per  cent. 

Per  cent. 

jf  0  2                         

0.49 
.39 

1.07 
.94 
.65 

n  9.'^ 

2.61 
.19 

.07 
.11 
.18 

0  04 

N^o.3 

1             •    - 
.45  j            .10 

.17  I            .08 

.02 

No  4          

.0] 

No  5                                              

.48 
.73 

- 

.10 

.15 

01 

No.  6 

.02 

Table  II. — Comparison  of  washing  tests  on  various  hide  potvders. 


Sample. 

Quantity 

of  air-dry 

hide. 

100  cc, 

first 

washing. 

100  cc, 

second 

■washing. 

100  cc, 

third 

washing. 

100  cc, 

fourth 

washing. 

Hide  re- 
moved 
by  four 
wash- 
ings. 

No  1                

Grams. 

20 
20 
20 
20 
20 
20 

Grams. 

0.  0634 

.1719 

.2192 

.0720 
.2256 
.1172 

Grams. 
0.  0134 
.0375 
.0525 
.0172 
.0415 
.  0254 

Grams. 
0.  0093 
.0165 
.0196 
.0154 
.0098 
.0110 

Grams. 
0.  0076 
.0105 
.0096 
.0049 
.0058 
.0073 

Percent. 
1.  .31 

No  2                                            

3.42 

No  3        

4.32 

No  4                     

1.56 

No  5      - 

4.10 

No  6                                   

2.27 

Table  III. — Comparison  of  gallotannin  test  on  various  hide  powders. 


Sample. 


No.l 
No.  2 
No.  3 
No.  4 
No.  5 
No.  6 


Weight 
of  air- 
dry 
hide. 


Grams. 
20 
20 
20 
20 
20 


Weight 
of  wet 
hide. 


Grams. 
27.70 
33.70 
37.10 
32.20 
37.40 
47. 30 


,  .^^y     Weight 

^"^«;"     of  (fry 
wet        ,    ./    correc 

hide.       ^^^*^- 


Dilu- 
tion 


Per  ct. 
44.40 
27.00 
28.00 
35.00 
3L50 
22.90 


I  Weight'    Cor- 
I  of  tlie  '  rected 
uontan- noutau- 


Grams. 
12.30 
9.10 
10.39 
11.27 
n.78 
10.83 


tion. 

nins. 

Grams. 

L077 

0.  0069 

1.123 

.0320 

1.134 

.0247 

1.105 

.0120 

L128 

.0157 

1.182 

.0468 

nins. 


Tannin 

ab- 
sorbed. 


Per  ct. 

1.38 
6.42 
4.96 
2.41 
3.13 
9.40 


Per  ct. 
98.62 
93.58 
95.04 
97.59 
96.87 
90.60 


In  Table  I  is  given  the  analysis  of  these  hide  powders,  and  in  Table  II  the  result 
of  washing  according  to  the  method;  in  Table  III  the  results  of  the  gallotannin 
tests. 
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Hide  No.  2  would  be  judired  poorly  prepared  from  its  liigli  ash,  and  is  outside  the 
limits  desifrnated  by  the  method  for  soluble  hide.  Hide  powders  Nos.  2  and  6  are 
outside  the  limits  designated  by  the  gallotanuiu  test. 

Hide  No,  1  is  this  years  official  hide  powder.  I  did  not  have  enough  of  it  to  carry 
on  the  fall  comparison.  This  left  Nos.  3,  4,  and  5  as  satisfactory  hide  powders. 
These  jiowders  were  used  to  make  comparativf  determinations  on  an  extract  with 
the  following  result: 


Samjile. 

1    NontaB- 
'       nins. 

No  ■? 

Per  cent. 
18  82 

'So  3 

15. 70 

No.  4 

14. 72 

No.  5 

14. 45 

No  6 

1«  fiR     1 

Nos.  3,  4,  and  5,  which  have  satisfied  the  requirements,  give  fairly  concordant  results 
on  the  extract. 

A  further  test  was  made  by  shaking  for  ten  minutes  5  grams  of  air-dry  hide  powder 
with  200  cc  of  water,  containing  5.48  grams  of  gallotannin. 

GaUotannin  per  gram  of  hide  powder. 


Sample. 


Gram. 


No.  2,  hide  powder  removed 
No.  3,  hide  powder  removed 
No.  4,  hide  powder  removed 
No.  5.  hide  powder  removed 
No.  6,  hide  powder  removed 


0.0943 
.2393 
.3632 
.6230 
.1448 


These  hide  powders,  when  conjpletfly  tanned,  do  not  show  any  great  difference 
in  the  amount  of  tannin  absorbed;  hence  it  is  a  condition  in  the  preparation  of  the 
hide  powder  that  gi\'es  the  more  rapid  absorptiveness. 

These  tests  when  applied  to  hide  powders  enable  the  chemist  to  keep  a  fair  check 
on  various  makes  of  powder,  and  assure  himself  of  the  uniformity  of  a  given  makers 
product,  but  more  satisfactory  would  be  the  acceptance  of  some  maker's  product  as 
a  standard. 

Yoiu-  referee  would  suggest  that  some  minor  details  of  the  method  be  changed 
and  that  the  hide-jjowder  tests  be  made  to  conform  with  the  method  relative  to 
washing  the  hide  powder.  With  this  in  view,  I  would  recommend  (liul.  49,  p.  118) 
the  following  as  the  coming  year's  method : 


KECOMMKNDED    TANNIN    METHOD. 

I, — Preparation  of  sample. 

Barks,  woods,  leaves,  dry  extracts,  and  similar  tanning  materials  should  be  ground 
to  such  a  degree  of  fineness  that  they  can  be  thoroughly  extracted,  f'luid  extracts 
must  be  heated  to  50    C,  well  shaken,  and  allowed  to  cool  to  room  temperature. 

II. — (^hianiity  of  matirial. 

In  the  case  of  barks  and  materials  requiring  extraction,  use  such  amount  of  mate- 
rial as  will  give  about  1  gram  of  solids  per  100  cc  of  solution.     In  the  case  of  extracts, 
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weigh  20  grams,  dissolve  in  900  cc  water  at  80"  C,  let  stand  for  twelve  hours^  and 
make  up  extract  to  1^000  cc  witli  water. 

III. — Moisture. 

Dry  3  grams  of  the  sample,  if  it  be  an  extract,  in  a  flat-hottomed  dish  not  less  than 
2i  inches  in  diameter  to  constant  weight  ;  if  bark,  etc.,  dry  10  grams. 

IV. — Total  solids. 

Shake  the  solution,  and  without  filtering  immediately  measure  out  100  cc  with  a 
pipette,  evaporate  in  a  weighed  dish,  and  dry  to  constant  weight,  at  the  temperature 
of  boiling  water.  Dishes  should  be  flat  bottomed,  and  not  less  than  2|  inches  in 
diameter. 

V. — Soluble  solids. 

Filter  about  125  cc  of  the  solution  through  a  double-folded  filter  (S.  &  S.,No.  590, 
15  cm),  returning  all  the  filtrate  through  once.  To  prevent  evaporation,  funnels 
should  be  inserted  in  small-necked  flasks  and  covered  with  watch  glasses  during  the 
filtration.     To  determine  total  solids,  evaporate  100  cc  of  filtrate  to  dryness. 

VI. — Nontannins. 

Prepare  20  grams  of  hide  powder  by  shaking  for  five  minutes  with  250  cc  of  water 
and  straining  through  linen.  Squeeze  the  magma  thoroughly  by  hand,  repeat  this 
operation  three  times,  finally  remove  as  much  water  as  possible  b}^  means  of  a  press, 
weigh  the  pressed  hide  and  take  approximately  one-fourth  of  it  for  moisture  deter- 
mination. Weigh  this  fourth  carefully  and  dry  to  constant  weight.  Weigh  the 
remaining  three-fourths  carefully  and  add  them  to  200  cc  of  the  original  solution; 
shake  ten  miuutes,  and  squeeze  the  tanned  hide  through  linen.  Collect  this  filtrate, 
add  5  grams  of  kaolin  free  from  soluble  salts,  stir  well  and  filter  through  folded  filter 
CS.  &  S.  No.  590,  15  cm),  returning  the  first  25  cc.  Evaporate  100  cc  of  the  clear 
filtrate.  The  weight  of  this  residue  must  be  corrected  for  the  dilution  caused  by 
the  water  contained  in  the  pressed  hide  powder.  The  shaking  must  be  done  m 
some  form  of  mechanical  shaker.  The  simple  machine  used  by  druggists,  and 
known  as  the  milk  shake,  is  recommended. 

VII. — Tannins. 

The  amount  of  these  is  shown  by  the  difierence  between  the  soluble  solids  and  the 
corrected  nontannins. 

VIII. — Testing  hide  poivder. 

A.  Shake  10  grams  of  hide  powder  with  250  cc  of  water  for  five  minutes,  strain 
through  linen,  squeeze  the  magma  thoroughly  by  hand;  repeat  this  operation  three 
times,  pass  the  last  filtrate  through  paper  (S  and  S,  No.  590,  15  cm)  till  clear,  evapo- 
rate 100  cc,  and  dry.  If  this  residue  amount  to  more  than  10  mg,  the  hide  must  be 
rejected. 

B.  Prepare  a  solution  of  pure  gallo-tannin  by  dissolving  5  grams  in  1,000  cc  of 
water.  Determine  the  total  solids  by  evaporating  100  ccof  tliis  solution  and  drying 
to  constant  weight.  Treat  200  cc  of  the  solution  with  hide  powder  exactly  as  de- 
scribed in  paragraph  6.  The  hide  powder  must  absorb  at  least  95  per  cent  of  the 
total  solids  present.  The  gallo-tannin  used  must  be  completely  soluble  in  water, 
alcohol,  acetone,  and  acetic  ether,  and  should  not  contain  more  than  1  per  cent  of 
substances  not  removed  by  digesting  with  excess  of  yellow  mercuric  oxid  on  steam 
bath  for  two  hours. 
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IX. — Testing  nontannin  filtrate, 

A.  For  tannin. — Test  a  small  portion  of  the  clear  nontannin  filtratf  with  a  few 
drops  of  a  1  jier  cent  solution  of  Nelson's  gelatin.  A  clondiuess  indicates  the  pres- 
ence of  tannin,  in  which  case  repeat  the  process  described  under  6,  using  2~)  instead 
of  20  grams  of  hide  powder. 

B.  For  soluble  hide. — To  a  small  portion  of  the  clear  nontannin  filtrate  add  a 
few  drops  of  the  filtered  tannin  solution.  A  cloudiness  indicates  the  presence  of 
soluble  hide,  in  which  case  repeat  the  process  described  under  B,  giving  the  hide 
powder  a  more  thorough  washing. 

The  temperature  of  solutions  when  measured  or  filtered  should  not  be  below  16^ 
C.  or  above  20^  C.  All  drying  should  be  made  in  fiat-bottomed  dishes  of  at  least  2h 
inches  diameter.     S  and  S,  Xo.  590,  15  cm  filter  paper  should  be  used  on  all  nitrations. 

Mr.  Forbes,  of  Arizona,  presented  the  following  pai)er: 

PEEPARATION  OP  TAMING  EXTEAOTS  POR  ANALYSIS. 
By  Robert  H.  Forbes. 

WTiile  perfecting  a  method  for  the  determination  of  tanning  materials  in  canaigre, 
the  writer  was  led  to  make  some  observations  on  the  method  of  extraction,  which 
are  of  general  application. 

Much  of  the  inaccuracy  of  the  hide-powder  method,  as  applied  to  barks,  woods, 
leaves,  etc.,  is  without  doubt  dne  to  the  manner  of  extraction  laid  down  in  the 
official  methods.  It  is  there  advised  that  the  ground  material  be  digested  over  night 
at  ^^0  with  500  cc  of  water.  Under  these  circumstances  a  loss  of  tanning  materials 
takes  place,  which  is  due  to  their  slow  recombination  with  the  cellulose,  starch 
(if  presentj.  and  albuminoids  of  the  material  under  examination. 

Since  the  time  of  digestion,  being  "overnight,"  is  not  constant,  and  since  the  con- 
dition and  amount  of  cellulose,  starch,  and  albuminoids  are  variable,  the  amount  of 
error  due  to  their  slow  recombination  is  very  irregular.  In  order  to  avoid  this 
recombination,  it  is  evidently  necessary  to  devise  a  method  by  which  the  dissolved 
tannins  shall  be  removed  as  promptly  as  possible  from  the  extracted  residue. 

Extraction  by  percolation  is  a  simple  and  nearly  perfect  way  to  accomplish  this, 
and  it  is  noticed  on  page  118  of  the  Proceedings  of  the  Association  for  1896  that  it  is 
recommended  by  the  committee  to  extract  barks,  woods,  leaves,  etc.,  in  a  Sohxlet  or 
similar  apparatus,  no  details,  however,  as  to  temperature  and  time  of  extraction 
being  given. 

These  considerations  are  of  importance,  inasmuch  as  certain  materials  containing 
difficultly  soluble  matters,  such  as  hemlock  l)ark.  can  not  be  completely  extracted  at 
lower  temperatures,  while  canaigre,  which  contains  starch,  can  not  be  percolated  at 
above  50^  to  55^  C,  because  of  the  solution  of  starch  with  its  conseqiient  inaccuracies. 

The  following  work  was  carried  through  with  oak,  hemlock,  and  canaigre  in  order: 
(1)  To  establish  the  fact  of  error  due  to  recombination  of  tannings  with  exhausted 
residues  when  these  are  left  in  contact  with  the  water  extract.  (2)  To  test  the  per- 
colation method  of  extraction  and  note  the  modifications  of  temperature  needful  with 
difi'erent  materials. 

The  reabsorption  of  tanning  materials  was  established  in  tbe  following  way :  A 
Sohxlet  extractor  was  fitted  with  a  lOO-mesh  brass  wire  gauze  disk  pushed  nearly  to 
the  bottom  of  the  tube,  and  a  mat  of  woolly  asbestus  (previously  extracted  with 
HCl)  deposited  on  the  gauze  and  covered  with  fine  asbestus. 

The  extractor  was  then  i)laced  in  a  sheet-metal  tank  of  suitable  dimensions  and  8 
to  10  inches  deep,  the  bottom  being  perforated  with  holes  which  receive  the  rubber 
stoppers,  through  which  th<^  lower  ends  of  the  Sohxlets  project.  The  tank  was  then 
tilled  with  water  of  the  desired  temperature  and  kept  at  that  temperature  by  a  tlame 
below.     A  weighed  amount  of  finely  ground  material,  5  to  10  to  20  grams,  was 


150 


floated  into  the  extractor,  which  was  then  fitted  at  the  top  with  a  tightly  fitting 
rubber  stopper  carrying  a  250  to  500  cc  drop  funnel.  The  funnel  was  filled  with 
water  and  the  rapidity  of  the  percolation  controlled  by  the  stopcock. 

The  percolates  (500  cc)  were  divided  into  two  equal  portions.  One  portion  was 
examined  as  it  stood  for  tannins  and  nontannins,  while  to  the  other,  half  of  the 
extracted  residue  (a  proportionate  part)  was  added,  the  whole  was  digested  over- 
night at  80°  in  a  closed  flask,  the  liquor  cooled,  filtered,  and  tannins  and  nontan- 
nins determined  as  before.  The  results  were  corrected  for  dilution  by  the  water 
added  in  the  wet  residue.  For  comparative  results,  a  parallel  analysis  was  made  of 
extracts  by  digestingthe  substance  overnight  at  80°  according  to  the  official  method. 
The  results  were  as  follows : 

Percentages  of  extracts. 


Samples. 

In  origi- 
nal per- 
colate. 

In  perco- 
late redi- 
gested 
with  ex- 
tracted 
residue. 

Differ- 
ence due 

to  ab- 
sorption 
of  tan- 
nins. 

In  ex- 
tract ob- 
tained by 

official 
method. 

Advan- 
tage of 
percola- 
tion over 
official 
method. 

Twenty  grams  oak  bark  percolated  to  500  cc  in 
four  hours  at  80°  C. : 
Tannins 

10.99 
5.10 

13.74 
3.94 

41.27 
13.03 

9.98 
5.30 

11.80 
4.63 

125.02 
13.66 

1.01 

9.68 
4.78 

11.12 
4.13 

34.70 
12.86 

1.31 

Ten  grams  hemlock  bark  percolated  to  500  cc  in 
five  hours  at  80°  C: 
Tannins 

1.94 

2.62 

Five  grams  of  cauaigre  percolated  to  500  cc  in 
eight  hours  at  50°  C. : 
Tannins 

Nontannins 

16.25 

2  6.57 

'This  canaigre  residue  was  digested  with  its  liquor  at  room  temperature. 
-  In  this  case  the  ground  material  was  in  contact  with  the  liquor  only  two  to  three  hburs,  at  room 
temperature. 

The  results  in  columns  1  and  2  all  show  a  reabsorption  of  tanning  materials  by 
the  extracted  residues,  being  greatest  in  the  case  of  canaigre.  The  enormous  loss 
with  this  material  may  be  partly  due  to  tlie  presence  of  starch,  which  also  repre- 
cipitates  tanning  materials.  The  reprecipitation  noted  in  columns  1,  2,  and  3  explains 
the  advantage  of  percolation  over  the  ofiicial  digestion  method  of  extraction,  as 
shown  in  columns  4  and  5. 

The  action  of  starch  and  cellulose,  respectively,  in  reprecipitating  the  tanning  mate- 
rials was  observed  by  preparing  a  canaigre  percolate,  dividing  into  three  portions, 
analyzing  portion  1  as  obtained,  redigesting  portion  2  in  the  cold  with  1  gram  of 
shredded  filter  paper,  and  redigesting  portion  3  in  the  cold  with  1  gram  of  bruised 
starch.  Portions  2  and  3  were  filtered,  and  in  both  cases  a  loss  of  tannins  was 
observed. 

Percentages  oMained. 


Samples. 

Tanning 
materials 
in  orig- 
inal per- 
colate. 

After 
digestion 

with 
cellulose. 

Reab- 
sorption 

cellulose. 

After 

digestion 

with 

starch. 

Reabsorp- 
tion by 
starch. 

No.  1510,  old,  red  canaigre,  percolated  at  50°  C. : 
Tannins                              

40.58 
12.72 

31.98 

36.46 
13.04 

28.  .50 

4.12 

38.64 
13.90 

30.  24 
16.52 

1.94 

No.  1511,  young,   yellow  canaigre,  percolated  at 
50°  C. : 

3.48 

1.74 

16.12  1        1.5.26 
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The  cellulose  shows  a  much  stron<^er  action  than  starch,  the  rci^recipitation  being 
about  twice  as  great. 

This  suggests  the  inaccuracies  introduced  into  analj'tical  work  by  the  use  of  filter 
papers.  Our  rt-peated  experiments  show  that  the  first  portions  of  tanning  extracts 
filtered  through  paper  contain  noticeably  less  solids  than  the  latter  portions — the 
deficiency  being  found  due  to  loss  of  tanning  materials.  In  order  to  do  away  with 
this  error  I  now  use  an  asbestus  filter  made  by  placing  a  mat  of  prepared  woolly 
asbestus  in  a  porcelain  strainer  funnel,  covering  the  mat  with  fine  asbestus.  and  dry- 
ing the  filter  in  an  oven.  By  the  use  of  this  filter  no  loss  of  tanning  materials-occurs 
and  the  amount  of  total  solids  obtained  is  usually  greater  than  in  the  last  portions 
of  the  same  liquors  filtered  through  paper. 

The  effect  of  temperature  upon  completeness  of  extraction  was  shown  by  jjercolat- 
ing  oak,  hemlock,  and  canaigre  at  different  temperatures  shown  by  the  table. 

Percentages  obtained. 


Samjjles. 


Percolated 

at  55^  C. 


Percolated 
at  80'J  C. 


Percolated. 

at  .steam 

heat. 


Oak  bark : 

Tannins 

Xontannin.s 

Hemlock  bark : 

Tannins 

Xontannins 

Canaigre,  old  roots : 

Tannins 

Xontannins , 

Canaigre,  young  roots: 

Tannins 

Xontannins 


9.01 

10.99 

10.  69 

4.44 

5.10 

6.75 

10.73 

13.74  ; 

15.69 

3.58 

3.94! 

8.22 

41.27 
13.03 

31.67 
16.25 


41.74 
17.84 


30.68 
28.56 


It  is  seen  that  the  extraction  of  oak  bark  is  complete  at  80-,  while  hemlock,  owing 
probal)ly  to  the  difficultly  soluble  reds,  yields  more  extractives  by  continuous  perco- 
lation at  the  higher  temperature.  The  extraction  of  canaigre  is  complete  at  50-  to 
55-  C.  It  is,  m  fact,  not  possible  to  make  a  satisfactory  percolation  of  this  mate- 
rial above  this  jjoint,  since  the  starch  then  swells  and  clogs  up  the  Sohxlet  tube. 

The  percolations  of  canaigre  at  steam  heat,  noted  in  the  table,  were  made  by 
placing  the  material  in  a  thin  layer  on  an  asbestus  mat  in  a  large  continuous  copper 
extractor.  The  increase  in  1510  of  nontannins  from  13.03  per  cent  to  17.84  per  cent, 
and  in  1511  from  16.25  per  cent  to  28.56  per  cent  is  due  to  the  solution  of  starch, 
whose  presence  in  the  extract  causes  turbid  filtrates  and  is  therefore  an  element  of 
inaccuracy. 

The  above  observations  show — 

(1)  That  in  the  extraction  of  barks,  woods,  leaves,  etc.,  a  percolation  method  is 
essential  to  complete  extraction,  owing  to  the  reabsori)tion  of  tanning  materials  by. 
cellulose,  starch,  albuminoids,  etc. 

(2)  That  the  perctdation  method  must  l)e  modified  to  suit  the  material  under  exam- 
ination. Continuous  extraction  at  steam  heat  will  probably  manage  most  woody 
materials,  but  canaigre  requires  to  be  percolated  at  50^  to  55^  C,  at  which  i)oint 
extraction  is  complete,  and  we  avoid  the  solution  of  starch,  which  does  not  projjcrly 
belong  with  soluble  nontanning  materials  and  whose  presence  is  a  source  of  inac- 
curacy in  determining  tannins. 

(3)  In  accurate  work  the  use  of  an  asbestus  filter  is  necessaiy,  the  loss  of  tanning 
materials  in  the  filter  thus  beinsr  avoided. 
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(4)  The  following  method  of  extraction  for  canaigre  is  recommended:  A  Sohxlet 
extractor  is  fitted  inside  with  a  100-mesh  brass  gauze  disk  which  is  pushed  nearly  to 
the  bottom  of  the  tube,  and  a  mat  of  woolly  asbestus,  previously  extracted  with  hot 
hydrochloric  acid,  is  deposited  on  the  gauze.  The  mat  is  then  covered  with  fine 
asbestus,  the  prepared  extractor  is  placed  in  a  sheet-metal  tank  of  suitable  size  and 
8  to  10  inches  deep,  the  bottom  of  which  is  j)erforated  with  holes  which  receive  the 
rubber  stoppers  through  which  the  lower  ends  of  the  Sohxlets  project.  The  tank  is 
then  filled  with  water  at  50°  C,  and  kept  at  that  point  by  a  small  flame.  The 
extractor  is  then  partly  filled  with  water  and  5  grams  of  canaigre  are  floated  into  the 
extractor.  A  tightly  fitting  rubber  stopper  carrying  a  250  to  500  cc  funnel  is  then 
fitted  to  the  top  of  the  Sohxlet,  the  funnel  is  filled  with  water  and  the  stopcock 
turned  so  that  the  percolate  will  run  to  500  cc  in  four  hours.  The  percolate  is 
allowed  to  cool,  made  to  the  mark,  shaken,  an  aliquot  taken  for  total  solids,  the 
remainder  filtered  through  an  asbestus  filter  and  soluble  solids  and  tanning  materials 
determined  as  usual. 

(5)  In  conclusion,  it  is  advisable  that  a  more  detailed  examination  of  the  perco- 
lation method,  as  applied  to  difl'erent  materials,  be  made,  and  the  best  temperature 
for  each  one  determined,  as  it  is  certain  that  any  particular  temperature  can  not  be 
fixed  upon  for  all  substances  alike. 

Mr.  KruGt.  As  the  hour  is  late,  I  move  that  the  report  be  simply 
given  to  the  committee  on  recommendations  with  power  to  act. 
Adopted,  and  the  report  so  referred. 

RECOMMENDATIONS. 

The  committee  on  recommendations  returned  to  the  hall  and  made 
the  following  additional  recommendations: 

We  recommend  the  following  addition  to  the  provisional  method  under  Dairy 
Products : 

The  Wollny  method. — Use  same  amounts  of  alkali  and  alcohol  as  in  previous 
method  (pressure  method)  and  conduct  the  saponification  on  a  steam  or  water  bath, 
the  flask  being  connected  with  a  reflux  condenser  not  less  than  one  meter  in  length 
and  kept  well  cooled  during  the  operation.  Saponification  will  usually  be  com- 
pleted within  one-half  hour. 

Adopted. 

Mr.  Patrick  moved  that  the  referee  for  next  year  be  instructed  to 
test  this  method.     Adopted. 

Mr.  Bartlbtt.  The  committee  recommends  the  adoption  of  Recom- 
mendation Fo.  1  of  the  referee  on  cattle  foods,  with  the  exception  that 
the  time  of  acid  treatment  be  made  two  and  a  half  hours  instead  of 
two  hours. 

The  committee  further  recommends  that  the  referee  for  next  year 
test  the  following  procedures — ''after  the  starch  reaction  has  disap- 
peared, cool  to  55°  and  repeat  the  treatment  with  diastase  as  described 
for  thirty  minutes." 

Adopted,  as  a  provisional  method. 

Mr.  Bartlett.  The  committee  recommends  the  adoption  of  the 
phloroglucin  process  as  a  provisional  method  for  the  estimation  of  fur- 
furol  in  agricultural  products. 

Adopted. 

Mr.  Bartlett.  The  committee  recommends  that  in  the  estimation  of 
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galactan  the  method  described  on  page  98  of  the  referee's  paper  for 
1897  be  adopted  as  a  provisional  method. 

Adopted. 

Mr.  Bartlett.  On  page  62,  Bulletin  46,  under  ^'  c,"  Ofiicial  ^leth- 
ods,  first  line,  that  'Hwo  and  a  half  hours"  be  substituted  for  "three 
hours." 

Adopted. 

Mr.  Bartlett.  The  committee  further  recommends  the  following 
rearrangement  of  the  provisional  methods  for  cattle  foods: 

That  the  provisional  methods  on  page  62  of  the  Ofiticial  Methods  be 
rewritten  in  the  following  order: 

A  and  B,  same  as  now  printed. 

C,  determination  of  starch  in  commercial  starclies. 

D,  determination  of  starch  in  all  other  substances,  diastase  method. 

E,  determination  of  pentosans  by  the  phlorogucin  method. 

F,  determination  of  galactin  by  method  described  in  1897,  referee's  paper,  page  25. 

G,  determination  of  crude  fiber. 

Adopted. 

Mr.  Bartlett.  The  committee  recommends  that  the  names  referee 
and  associate  referee  be  substituted  for  reporter  and  associate  reporter. 

Adoi^ted. 

Mr.  Bartlett.  The  committee  recommends  tliat  the  name  reporter 
on  fermented  and  distilled  liquors  be  changed  to  referee  on  liquors  and 
food  adulterations. 

Adopted. 

Mr.  Bartlett.  The  committee  recommends  that  the  executive  com- 
mittee, in  addition  to  fixing  the  time  and  place  of  meeting,  be  author- 
ized to  fix  the  order  of  business  and  see  that  it  is  announced  in  the  call 
for  the  meeting. 

Adopted. 

Mr.  Bartlett.  The  committee  recommends  that  upon  the  republica- 
cation  of  the  methods  they  be  all  properly  named,  defined,  and  arranged 
in  groups  in  accordance  therewith. 

Mr.  Wheeler.  1  was  the  originator  of  that.  In  view  of  the  fact 
that  in  some  States  they  provide  that  our  official  methods  shall  hold 
in  court,  it  seemed  desirable  that  our  methods  should  be  appro- 
priately grouxjed  together,  the  provisional  as  provisional,  the  optional 
as  optional,  and  these  names  defined,  so  that  all  may  know  what  is 
meant  by  provisional  and  optional. 

Adopted. 

The  Chair  announced  as  the  committee  on  restatement  of  the 
methods  of  soil  and  ash  analysis  Messrs.  Scovell,  Peter,  and  Wiley. 

RESOLUTIONS. 
The  Chair  called  for  the  report  of  the  committee  on  resolutions. 

Eesolved,  That  the  thanks  of  this  association  are  due — 

1.  To  the  authorities  of  the  Cohimbian  University,  and  especially  to  President 
Whitman  and  Dean  Munroe,  for  the  use  of  their  lecture  room  for  our  lueetings,  aud 
for  other  courtesies. 
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2.  To  the  houorable  Secretary  of  Agriculture,  for  the  patronage  of  his  Department 
in  the  publication  of  the  annual  reports  of  the  association  and  for  the  encourage- 
ment given  the  association  by  his  presence  and  generous  expressions  of  good  will. 

3.  To  the  Cosmos  Club,  for  its  hospitality  in  extending  to  the  members  of  the 
association  the  privileges  of  the  club. 

4.  To  President  Frear,  for  the  able,  impartial,  and  uniformly  courteous  manner  in 
which  he  has  presided  over  the  deliberations  of  the  association. 

5.  To  Secretary  Wiley,  for  his  efficient  services  and  his  active  and  continued 
interest  in  the  work  of  the  association. 

J.  T.  Anderson, 
W.  A.  Withers, 
H.  B.  McDonnell, 

Committee. 

Adopted. 

Mr.  R.  H.  Atwater  addressed  the  conventioti  briefly  on  the  subject 
of  ammonium  sulphate,  asking  the  members  of  the  association,  as 
American  citizens,  to  give  this  substance  its  true  value. 

The  incoming  president,  Mr.  Winton,  read  the  list  of  referees  for  the 
coming  year. 

Some  discussion  arose  as  to  the  time  of  holding  the  meetings,  some 
of  the  Southern  members  desiriug  that  they  be  held  during  the  summer 
vacation.  Mr.  Persons  moved  that  the  association  recommend  to  the 
executive  committee  that  the  meeting  be  held  during  the  summer  vaca- 
tion months.    The  motion  was  duly  seconded,  but  failed  of  adoption. 

The  Chair,  expressing  his  gratification  at  the  amount  of  work  accom- 
plished aod  the  consideration  shown  by  the  members  during  the 
meeting,  declared  the  convention  adjourned  sine  die. 


OFFICERS,  REFEREES,  AND  COMMITTEES  OF  THE  ASSOCIATION 
OF  OFFICIAL  AGRICULTURAL  CHEMISTS  FOR  THE  YEAR  1898. 


President. 
A.  L.  WiNTON,  New  Haven,  Conn. 

Vice-President. 
R.  C.  Kedzie,  Agricultural  College,  Mich. 

Secretary. 
H.  W.  Wiley,  Washington,  D.  C. 

Additional  Members  of  Executive  Committee. 
M.  A.  ScovELL,  Lexington,  Ky. 
J.  L.  Hills,  Burlington,  Vt. 

Referees. 

Phosphoric  acid. — Mr.  B.  W.  Kilgore,  Agricultural  College,  Miss. 

Nitrogen. — Mr.  R.  J.  Davidson,  Blacksburg,  Va. 

Potash. — Mr,  C.  H.  Jones,  Burlington,  Vt. 

Soils  and  ash. — Mr.  Harry  Snyder,  St.  Anthony  Park,  Minn. 

Dairij products. — Mr.  C.  L.  Penny,  Newark,  Del. 

Foods  and  feeding  stuffs. — Mr.  W.  H.  Krug,  Washington,  D.  C. 

Liquor  and  food  adulteration. — Mr.  W.  S.  Sweetser,  State  College,  Pa. 

Sugar. — Mr.  R.  S.  Hiltner,  Lincoln,  Nebr. 

Tannin. — Mr.  John  H.  Yocum,  New  York,  N.  Y. 

Associate  Referees. 

Phosphoric  acid. — Mr.  E.  G.  Runyau,  Washington,  D.  C. 

Nitrogen. — Mr.  F.  S.  Shiver,  Clenison  College,  S.  C. 

Potash. — Mr.  B.  B.  Ross,  Auburn,  Ala. 

Soils  and  ash. — Mr.  B.  L.  Hartwell,  Kingston,  R.  I. 

Dairy  products. — Mr.  J.  B.  Weems,  Ames,  Iowa. 

Foods  and  feeding  stuffs. — Mr.  G.  L.  Teller,  Fayetteville,  Ark. 

Liquor  and  food  adulteration. — Mr.  Chas.  P.  Worcester,  Boston,  Mass. 

Sugar. — Mr.  Elton  Fulmer,  Pullman,  Wash. 

Tannin. — Mr.  Oma  Carr,  Corry,  Pa. 

Abstract  Committee. 

Mr.  E.  W.  Allen,  Washington,  D.  C,  chairman. 

Mr.  W.  H.  Beal,  Washington,  D.  C. 

Mr.  J.  B.  Lindsey,  Amherst,  Mass. 

Mr.  J.  T.  Anderson,  Auburn,  Ala. 

Mr.  J.  P.  Street,  New  Brunswick,  N.  .7. 

Mr.  F.  W.  Woll,  Madison,  Wis. 

Mr.  L.  H.  Merrill,  Orono,  Me. 

Mr.  B.  H.  Hite,  Morgantown,  W.  ^'a. 

Mr.  A.  A.  Persons,  Lake  City,  Fla. 
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Committee  ox  Food  Standards. 

Mr.  H.  W.  Wiley,  Washington,  D.  C,  chairman. 
Mr.  H.  A.  Weber,  Columbus,  Ohio. 
Mr.  M.  A.  Scovell,  Lexington,  Ky. 
Mr.  E.  H.  Jenkins,  New  Haven,  Conn. 
Mr.  Wm.  Frear,  State  College,  Pa. 

Committee  on  Uniform  Laws  for  Fertilizer  Control. 

Mr.  H.  W.  Wiley,  Washington,  D.  C,  chairman. 
Mr.  B.  W.  Kilgore,  Agricultural  College,  Miss. 
Mr.  H.  B.  McDonnell,  College  Park,  Md. 
Mr.  H.  A.  Huston,  Lafayette,  Ind 
Mr.  B.  B.  Eoss,  Auburn,  Ala. 

Committee  on  Volumetric  Standards. 

Mr.  B.  W.  Kilgore,  Agricultural  College,  Miss.,  chairman. 

Mr.  C.  L.  Penny,  Newark,  Del, 

Mr.  E.  E.  Ewell,  Washington,  D.  C. 

Mr.  G.  C.  Caldwell,  Ithaca,  N.  Y. 

Mr.  H.  W.  Wiley,  W^ashington,  D.  C. 

Committee  on  Rewriting  Methods  of  Soil  Analysis. 

Mr.  M.  A.  Scovell,  Lexington,  Ky.,  chairman. 
Mr.  A.  M.  Peter,  Lexington,  Ky. 
Mr.  H.  W.  Wiley,  Washington,  D.  C. 


CONSTITUTION  OF  THE  ASSOCIATION  OF  OFFICIAL  AGRICUL- 
TCRAL  CHEMISTS. 


(1)  This  association  shall  he  known  as  the  Association  of  Official  Agricultural 
Chemists  of  the  United  States.  The  objects  of  the  association  shall  be  (1)  to  secure 
uniformity  and  accuracy  in  the  methods,  results,  and  modes  of  statements  of  analysis 
of  fertilizers,  soils,  cattle  foods,  dairy  products,  and  other  materials  connected  with 
agricultural  industry;  (2)  to  afford  opportunity  for  the  discussion  of  matters  of 
interest  to  agricultural  chemists. 

(2)  Analytical  chemists  connected  with  the"  United  States  Department  of  Agricul- 
ture, or  with  any  State  or  nation^il  agricultural  experiment  station  or  agricultural 
college,  or  with  any  State  or  national  institution  or  body  charged  with  official  con- 
trol of  the  materials  named  in  section  1,  shall  alone  l)e  eligible  to  membership; 
and  one  such  representative  for  each  of  these  institutions  or  boards,  when  properly 
accredited,  shall  be  entitled  to  enter  motions  or  vote  in  the  association.  Only  such 
chemists  as  are  connected  with  institutions  exercising  official  fertilizer  control  shall 
vote  on  (juestious  involving  methods  of  aiaalyziug  fertilizers.  Any  person  eligible 
to  membership  may  become  a  member  at  any  meeting  of  the  association  by  present- 
ing proper  credentials  and  signing  this  constitution.  All  members  of  the  association 
who  lose  their  right  to  such  membership  by  retiring  from  positions  indicated  as 
re<|uisite  for  membership  shall  be  entitled  to  become  honorary  members,  and  to  have 
all  privileges  of  membership,  save  the  right  to  hold  office  and  vote.  All  analytical 
chemists  and  others  interested  in  the  objects  of  the  association  may  attend  its  meet- 
ings and  take  part  in  its  discussions,  but  shall  uot  be  entitled  to  enter  motions  or 
vote. 

(3;  The  officers  of  the  association  shall  consist  of  a  president,  a  vice-president,  and 
a  secretary,  who  shall  also  act  as  treasurer;  and  these  officers,  together  with  two 
other  members  to  be  elected  by  the  association,  shall  constitute  the  executive  com- 
mittee. When  any  officer  ceases  to  be  a  member  by  reason  of  withdrav.ing  from  a 
department  or  board  whose  members  are  eligible  to  membership,  his  office  shall  be 
considereil  vacant,  and  a  successor  may  be  api)oiuted  by  the  executive  committee,  to 
continue  in  office  till  the  annual  meeting  next  following. 

(4)  There  shall  be  appointed  by  the  president,  at  the  regular  annual  meeting,  a 
referee  and  associate  referee  for  each  of  the  subjects  to  be  considered  by  the  asso- 
ciation. 

It  shall  be  the  duty  of  these  referees  to  prepare  and  distribute  samples  and  stand- 
ard reagents  to  members  of  the  association  and  others  desiring  the  same ;  to  furnish 
blanks  for  tabulating  analyses,  and  to  present  at  the  annual  meeting  the  results  of 
work  done,  discussion  thereof,  and  recommendations  of  methods  to  be  followed. 

(5)  The  special  duties  of  the  officers  of  the  association  shall  be  further  deHued, 
when  necessary,  by  the  executive  committee. 

(6;  The  annual  meeting  of  this  association  shall  be  held  at  such  place  as  shall  be 
decided  by  the  association,  and  at  such  time  as  shall  be  decided  by  the  executive 
conmiittee,  and  announceil  at  least  three  months  before  the  time  of  meeting. 

(1)  No  changes  shall  be  made  in  the  methods  of  fertilizer  analyses,  except  by 
unanimous  consent,  until  an  op])()rtunity  shall  have  been  given  all  official  chemists 
having  charge  of  fertilizer  work  to  test  the  proposed  changes. 
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(8)  Special  meetings  shall  he  called  by  the  executive  committee  when  in  its  judg- 
ment it  shall  be  necessary,  or  on  the  written  request  of  five  members;  and  at  any 
meeting,  regular  or  special,  seven  enrolled  members  entitled  to  vote  shall  constitute 
a  quorum  for  the  transaction  of  business. 

(9)  The  executive  committee  will  confer  with  the  official  boards  represented  with 
reference  to  the  payment  of  expenses  connected  with  the  meetings  and  publication 
of  the  proceedings  of  the  association. 

(10)  All  proposed  alterations  or  amendments  to  this  constitution  shall  be  referred 
to  a  select  committee  of  three  at  a  regular  meeting,  and  after  report  from  such  com- 
mittee may  be  adopted  by  the  approval  of  two-thirds  of  the  members  present  enti- 
tled to  vote. 


APPEJ^-DIX. . 


NOTICE  IN  EEGARD  TO  THE  TESTING  OF  CHEMICAL  MEASUEINa 

PLASKS,  ETC. 

[From  Zeitschrift  fiir  angewandte  Cbemie,  1893,  pp.  557-559.     Translated  for  the  use 
of  the  committee  by  E.  E.  Ewell.] 

The  Kaiserliche  Normal- Aichungs-Kommission  published  the  following  directions, 
based  upon  article  18  of  the  regulations  governing  weights  and  measures  (special 
supplement  to  Reich's  Gesetzljlattes,  Xo.  30) : 

I.  Allowable  Measuring  Apparatus. 

1.  For  exclusive  use  for  chemical  volumetric  analysis  of  aqueous  solutions,  glass 
vessels  will  be  admitted  for  testing  as  follows: 

Vessels  with  one  mark  to  hold  a  single  volume. 

(a)  Flasks. 

(b)  Pipettes  with  upper  suction  tube  and  a  lower  delivery  tube. 

Vessels  marked  to  hold  a  certain  definite  volume  and   certain  subdivisions 
thereof. 

(c)  Measuring  glasses  (also  called  measuring  cylinders,  being  measuring 

tubes  having  a  foot). 
(<?)  Burettes  (measuring  tubes  without  a  foot,  but  with  a  delivery  tube). 
(e)  Measuring  pipettes  (measuring  tubes  having  a  suction  tube  at  the  upper 

end  and  a  delivery  tube  at  the  lower  end). 

2.  The  capacity  of  a  measuring  vessel  is  to  be  limited  either  by  the  mark  or  the 
lower  opening,  and  its  quantity  is  marked  upon  the  vessel  for  a  temperature  of  the 
vessel  of  15-  of  the  centigrade  thermometer,  in  the  liter,  fractions  of  a  liter,  or  in 
cubic  centimeters,  in  which  case  the  cubic  centimeter  is  to  be  the  1-1000  part  of  a 
liter. 

3.  Measuring  vessels  may  be  graduated  either  to  hold  {Mensyeriithe  auf  Eiugnss)  a 
given  ({uantity  to  the  mark,  or  to  deliver  {Messgeriithe  auf  Ausf/uss)  a  given  quantity. 
Measuring  v.  ssels  provided  with  a  device  for  the  delivery  of  licjuids  must  always 
be  graduated  to  deliver  the  volume  of  liquid  for  which  they  are  marked.  Other  ves- 
sels may  be  graduated  to  either  hold  or  to  deliver,  but  for  only  one  of  these  pur- 
])0ses  in  the  case  of  any  single  vessel.  The  volume  of  liquid  is  measured  with  a 
delivery  apparatus  by  tilling  and  emptying,  with  precautious  to  retain  a  uniformly 
uupreventable  moistening  of  the  walls  of  the  vessel.  This  uniform  moistening  is 
insured  by  observing  the  following  precautions: 

{(i)  Measuring  vessels  which  are  emptied  by  turning  upside  down  are  held  for  one 
minute  after  emj)tying  in  an  inclined  position  to  allow  them  to  drain,  when  the  last 
drop  is  wiped  off. 

(b)  In  the  case  of  pipettes  the  liquid  is  allowed  to  flow  out  entirely,  or  to  the 
lower  mark,  according  to  the  method  of  graduation,  while  the  delivery  tube  is  held 
without  motion  in  contact  with  the  sides  of  the  receiving  vessel.     After  the  free 
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outflow  of  the  liquid  has  stopped,  or  after  the  lower  mark  has  been  reached,  the 
pipette  is  allowed  to  drain  for  one-quarter  of  a  minute. 

(c)  In  the  case  of  burettes,  or  measuring  pipettes  (pipettes  graduated  to  deliver 
fractions  of  their  maximum  capacity),  the  desired  quantity  is  drawn  out,  the  last 
drop  is  removed,  and  the  reading  is  taken  after  waiting  two  minutes. 

4.  The  cross  section  of  the  measuring  vessel  must  always  be  circular.  The  space 
occupied  by  the  liquid  to  be  measured,  viewed  in  the  direction  of  its  greatest 
diameter,  should  decrease  in  size  above  and  below,  best  at  the  same  rate.  Where 
the  body  of  the  vessel  has  a  tube  or  cylindrical  portion  sealed  on,  the  body  of  the 
vessel  must  gradually  merge  into  the  cylindrical  portion  without  any  abrupt  change 
of  direction,  so  that  there  will  be  no  hindrance  to  the  ready  outflow  of  the  liquid. 

5.  The  mark  shall  be  narrow,  and  both  it  and  the  label  shall  be  plainly  etched, 
ground,  or  applied  in  some  other  permanent  manner.  It  should  never  be  merely 
painted.  The  mark  should  always  be  upon  a  cylindrical,  regularly  ^ormed,  trans- 
parent part  of  the  vessel.     Coloring  the  mark  is  permitted. 

6.  The  mark  shall  pass  at  least  halfway  around  the  vessel  and  lie  in  the  plane  to 
which  the  axis  of  the  vessel  is  perpendicular. 

7.  In  the  case  of  measuring  vessels  marked  for  subdivisions  of  their  total  capacity, 
these  subdivisions  must  all  be  equal. 

8.  Capacity  of  a  flask  may  be  stated  in  liters  or  cubic  centimeters  (the  mark  being 
liter,  I.,  or  cc),  while  all  other  vessels  may  be  marked  only  cubic  centimeters — i.  e., 
with  the  mark  cc.  The  mark  expressing  the  capacity  of  a  vessel  without  subdivi- 
sions is  placed  on  the  middle  part  of  the  body  of  the  vessel. 

9.  The  numbering  of  the  marks  on  vessels  marked  for  subdivisions  of  their  total 
capacity  is  to  be  placed  at  the  right  end  of  the  lines  denoting  cubic  centimeters  as 
units.  These  numbers  must  run  consecutively  onl3^  from  either  the  top  down  or 
only  from  the  bottom  up. 

The  ''cc^'  mark  is  added  to  the  line  bearing  the  largest  number,  whether  it  be  at 
the  beginning  or  at  the  end  of  the  graduation. 

10.  There  must  be  etched  below  the  mark  indicating  the  capacity,  in  the  case  of 
flasks  and  other  vessels  having  but  one  graduation  mark,  the  expression  +  15°  C, 
indicating  the  temperature  at  which  the  capacity  of  the  flask  is  equal  to  the  volume 
indicated  by  its  label.  In  the  cases  of  instruments  graduated  for  fractions  of  their 
total  capacity,  this  mark  (+  15^  C.)  is  etched  at  least  15  mm  above  the  graduation. 
There  must  also  be  placed  at  the  left  of  this  mark  and  at  the  same  height  the  mark 
E.  or  A.,  Eing.  or  Ausg.,  or  Einguss  or  Ausguss,  as  the  case  may  be,  to  indicate 
whether  the  instrument  has  been  graduated  to  hold  or  to  deliver  the  volume  of 
liquid  indicated  by  its  label. 

A  manufacturer's  number,  name,  and  address,  and  a  trade-mark  may  be  placed 
opposite  the  label  mentioned  above  on  the  other  side  of  the  flask.  In  the  case  of 
apparatus  graduated  for  subdivisions  the  manufacturer's  marks  are  to  be  placed  in 
long  lines  at  the  left  of  the  graduation. 

11.  In  the  case  of  all  measuring  vessels  the  reading  shall  be  taken  at  that  point 
of  the  wall  of  the  vessel  where  it  is  cut  by  the  plane  which  is  perpendicular  to  the 
axis  of  the  vessel  and  at  the  same  time  tangent  to  the  meniscus  of  the  liquid  at  its 
lowest  point. 

12.  Inflow  and  outflow  tubes,  stoppers,  etc.,  must  not  end  in  the  measuring  space 
of  the  vessel  or  extend  therein.  The  limiting  of  the  measuring  space  directly  by 
cocks  is  inadmissible.  Beyond  the  part  actually  occupied  by  the  liquid  to  be  meas- 
ured the  vessel  may  be  provided  with  cocks,  tubes,  expansions  made  of  irregular 
form,  etc.,  ad  libitum. 

13.  In  the  case  of  measuring  vessels  having  a  delivery  tube  or  poiut,  the  latter 
should  be  drawn  out  as  thin  as  stability  will  permit,  and  its  termination  should  be 
smooth  and  even.  It  is  permissible  to  constrict  the  orifice  somewhat.  In  the  case 
of  burettes  of  the  Gay-Lussac  form,  the  delivery  poiut  should  be  bent  back  toward, 
the  delivery  tube,  and  should  be  ground  obliquely  on  the  under  side. 
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II.  Measukixg  Vkssels  Without  Minor  Graduation. 
I  Flasks  and  pipettes  graduated  to  deliver  one  maximnm  volume.) 

1.  Flasks  may  be  made  of  the  following  capacities:  2,  1,  i  (0.5),  i  (0.25),  0.2.  0.1, 
aud  0.05  liter;  pipettes,  of  any  desired  capacity  from  1  to  200  cc. 

2.  In  the  case  of  both  forms  of  apparatus  the  part  bearing  the  graduation  mark 
must  be  cylindrical  (see  foregoing  I.  5  i.  of  uniform  section,  and  transparent.  More- 
over, this  cylindrical  i^ortion  must  pass  over  very  gradually  into  the  expanded  part 
oi  the  apparatus. 

3.  In  the  case  of  pipettes  the  suction  tubes  must  be  at  least  130  mm  long,  and  the 
delivery  tube  at  least  60  mm,  but  not  more  than  300  mm,  long. 

4.  The  graduation  mark  must  be  at  least  70  mm  from  the  upper  end  of  the  neck  of 
a  tlask,  and  in  the  case  of  a  pipette  at  least  100  mm  from  the  upper  end  and  at  least 
30  mm  from  the  bulb.  The  mark  must  extend  entirely  around  the  neck  of  the  flask 
or  the  suction  tube  of  the  pipette. 

5.  At  the  point  where  the  graduation  mark  is  placed  the  internal  diameter  of  the 
neck  of  the  flask  shall  not  be  less  than  G  mm,  and  shall  not  exceed  the  following 
maximum  figures  given  for  flasks  of  each  of  the  sizes  admitted  for  testing: 


Capacity  of 
flask. 

Maximum 

internal 

diameter  of 

neck. 

Litem. 

Jfm. 

2 

25 

1 

20 

h  (0-  5) 

20 

i  (0.  25) 

15 

0.2 

12 

0.1 

12 

0.05 

10 

In  th"-  case  of  pipettes  the  suction  aud  delivery  tul)es  must  have  an  internal  diam- 
eter of  not  less  than  ^  mm  and  not  more  than  6  mm. 

(3.  Tbe  bottom  of  the  flask  may  be  slightly  reentrant.  The  circumference  of  the 
bottom  of  the  flask  must  form  a  plane  to  which  the  neck  of  the  flask  is  perpendicu- 
lar.    The  flask  must  stand  solidly  on  a  horizontal  surface. 

7.  The  lower  limit  of  the  volume  of  a  pipette  may  be  either  the  end  of  the  deliv- 
ery tube  or  a  second  mark  etched  thereon  at  least  30  mm  from  the  end. 

In  the  case  of  pipettes  without  a  cock,  the  delivery  orifice  must  be  of  such  a  size 
that  the  discharge  of  the  pipette,  conformable  to  I,  3,  (&),  lasts: 

12  to  15  seconds  Avhen  the  pipette  is  of  less  than  10  cc  capacity. 

15  to  20  seconds  when  the  capacity  of  the  pipette  is  of  10  cc  or  more  but  less 
than  50. 

20  to  30  seconds  when  the  capacity  of  the  pii3ette  is  50  cc  or  more  but  less  than  100. 
30  to  40  seconds  when  the  capacity  of  the  pipette  is  100  cc  or  more. 
Ii:  the  case  of  pipettes  provided  with  cocks,  the  testing  must  be  made  for  that 
setting  of  the  cock  which  requires  the  following  time  for  emptying  the  pipette  : 

13  to  17  seconds  when  the  capacity  of  the  xiipette  is  less  than  10  cc. 

16  to  20  seconds  when  the  capacity  of  the  pipette  is  10  cc  or  more,  but  less  than  50. 
23  to  27  seconds  when  the  capacity  is  50  cc  or  more  but  less  than  100. 

33  to  37  seconds  when  the  capacity  of  the  pipette  is  100  cc  or  more. 
15063— No.  51 11 


162 

III.   Measuring  Vessels  with  Minor  Divisions. 

1.  The  total  volume  of  vessels  graduated  for  subdivisions  thereof  may  have  any 
value  between  1  cc  and  1  liter,  hut  for  cylinders  and  burettes  shall  not  be  less  than 
5  cc,  and  for  burettes  and  pipettes  not  more  than  100  cc. 

2.  The  subdivisions  permitted  are  as  follows : 

When  the  total  capacity  of  the  apj)aratus  is  1  cc  and  up  to  and  including  2  cc,  the 
smallest  subdivision  is  0.01  to  0.02  cc. 

When  the  total  capacity  of  the  apparatus  is  more  than  2  and  up  to  and  including 
5  cc,  the  smallest  subdivision  is  0.05  to  0.02  cc. 

When  the  total  capacity  of  the  apparatus  is  more  than  5  and  up  to  and  including 
10  cc,  the  smallest  subdivision  is  0.05  to  0.1  cc. 

When  the  total  capacity  of  the  apparatus  is  more  than  10  and  up  to  and  including 
50  cc,  the  smallest  subdivision  is  0.1  to  0.2  cc. 

AVhen  the  total  capacity  is  more  than  50  and  up  to  and  including  100  cc,  the 
smallest  subdivision  is  0.2,  0.5,  or  1  cc. 

When  the  total  capacity  is  more  than  100  and  up  to  and  including  200  cc,  the 
smallest  subdivision  is  1,  2,  or  5  cc. 

When  the  total  capacity  is  more  than  200  and  up  to  and  including  500  cc,  the 
smallest  subdivisision  is  5  to  10  cc. 

When  the  total  capacity  is  more  than  500  cc,  the  smallest  subdivision  is  10  cc. 

3.  The  measuring  space  may  be  limited  by  lines  below  as  well  as  above.  In  the 
case  of  pipettes,  the  upper  graduations  must  be  at  least  100  mm  from  the  upper  end 
of  the  apparatus  and  at  least  50  mm  in  other  cases.  The  lower  mark  of  the  gradua- 
tion, in  cases  where  the  bottom  of  the  vessel  is  not  the  lower  limit  of  the  graduation, 
must  be  at  least  30  mm  from  the  lower  end  of  the  apparatus  or  from  the  beginning 
of  the  contraction  of  the  body  thereof. 

4.  The  numbering  is  done  as  follows : 

a.  In  case  of  division  into  10,  1,  0.1,  or  0.01  cc,  every  tenth  mark  is  numbered. 

b.  In  case, of  division  into  2,  0.  2  or  0.  02  cc,  every  fifth  line  is  marked. 

c.  In  the  case  of  division  into  5,  0.  5  or  0.  05  cc,  every  second  or  tenth  line  is 
marked. 

The  numbered  lines  must  extend  entirely  around  the  vessel.  Of  the  other  lines, 
the  fifth  in  the  case  *'a"  and  whenever  only  every  tenth  line  is  numbered,  and  the 
first  line  when  every  second  line  is  numbered,  must  extend  three-fifths  of  the  way 
around  the  vessel,  while  all  other  lines  extend  only  one-half  way  around. 

All  lines  not  passing  entirely  around  the  vessel  must  be  on  transparent  glass;  any 
opaque  strips  for  facilitating  the  reading  of  the  instrument  must  not  be  greater  in 
breadth  than  two-fifths  of  the  circumference  of  the  tube. 

5.  The  distance  between  two  consecutive  division  marks  must  not  be  more  than 
12  mm,  and  for  measuring  cylinders  graduated  for  each  5  cc  or  more,  not  less  than 
2  mm,  while  for  all  other  measuring  vessels  this  distance  must  not  be  less  than  1  mm. 

IV.     Limit  of  Error. 

1.  Measuring  vessels  without  divisions. 

For  flasks  graduated  for  delivery  the  error  must  not  exceed  the  following  limits: 


gapacity. 

i 
Allowable- 
error. 

Liters. 
2.0 
1.0 

.5 

.2 

.1 

.05 

cc. 
1.0 
.6 
,3 
.2 
.2 
.1 
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For  flasks  graduated  to  hold  the  fiuantities  of  liquid  just  named,  the  allowable 
error  is  one-half  as  great  in  each  case. 

For  pipettes  delivering  only  maximum  quantity,  the  allowable  errors  are  as 
follows : 


Capacity  of  pipette. 

Allowable 
error. 

i 

)                                cc. 

1  to     2 

,     More  than    2  to    10 

;     More  than  10  to    30 

More  than  30  to    75 

More  than  75  to  200 

cc. 

0.01 
.U2 

.03         I 
.05         1 

.1       ; 

2.  Measuring  vessels  with  divisions — burettes  and  pipettes. 


Allowable 

Maximum  capacity. 

error  on    | 
maximum  ' 

capacity. 

1 

cc. 

1                           Ito      2 

0.01 

;     More  than  2    to    10 

.02 

]     More  than  10  to    30 

.03 

:     More  than  30  to    50 

.05 

More  than  50  to  ]00 

.] 

In  the  case  of  graduated  cylinders  of  the  dimensions  just  given,  the  allowable 
error  is  double  that  for  burettes  and  i^ipettes  when  the  instrumeats  are  graduated 
to  hold  a  certain  volume,  but  four  times  as  great  as  the  errors  allowed  for  burettes 
and  jjipettes  when  graduated  for  delivery  or  pouring  ouf. 

For  larger  measuring  cylinders  graduated  to  hold  definite  volumes,  the  alloAvable 
errors  are  as  follows : 


Maximum  capacity. 


Allowable 


More  than  100  to  200  0.  5 

More  than  200  to  500  1 

More  than  500  2 


"When  graduated  for  delivery  or  pouring,  the  allowable  errors  are  just  twice  as 
great. 

For  measuring  cylinders  graduated  to  hold  a  definite  volume,  the  maximum  errors 
for  tlie  volumes  indicated  by  ten  of  the  consecutive  smallest  divisions  must  on  no 
l)art  of  the  graduation  be  greater  than  as  shown  below: 
1  cc  when  the  divisions  equal  10  or  5  cc. 
0.  4  cc  when  the  divisions  equal  2  cc. 
0.  2  cc  when  the  divisions  equal  1  and  0.5  cc. 
0. 1  cc  when  the  divisions  equal  0.2  and  0.1  cc. 
In  the  case  of  cylinders  graduated  for  delivery,  double  these  errors  are  allowed. 
In  the  case  of  l)urettes  and  pipettes  graduated  to  0.01  to  0.2  cc,  the  error  must  not 
be  greater  thau  one-third  of  the  smallest  division,  and  not  more  than  one-fourth  of 
the  smallest  division  in  other  cases. 
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V.  Stamping. 

Tke  official  stamp  is  etclied  upon  flasks  immediately  over  the  graduation  mark 
and  also  over  the  lahel.  On  pipettes  graduated  to  deliver  one  maximum  volume  the 
official  stamj)  is  etched  immediately  over  the  upper  mark  and  immediately  under  the 
lower  mark,  when  there  is  one. 

In  the  case  of  other  measuring  vessels  the  official  stamp  is  placed  close  above 
the  upper  mark  and  close  below  the  lower  one;  besides  this,  the  stamp  is  also  placed 
on  the  delivery  tvibe,  close  to  its  end, 

VI.  Fees  for  Testing. 
The  fees  are  as  follows : 

(«.)  For  testing  and  placing  the  official  stamp  on  measuring  vessels  without 
divisions,  30  pf.  ($0,072). 
Measuring  vessels  having  divisions,  80  pf.  ($0,192). 
(h.)  For  mere  testing,  for  each  complete  volume  or  each  mark  tested,  10  pf. 
($0,024.) 
If  a  vessel  having  divisions  is  tested  for  more  than  5  marks  besides  the  one  indi- 
cating the  total  volume,  each  additional  mark  tested  is  charged  for  at  the  rate  given 
under  b. 

YII.  Place  of  Testing. 

The  testing  and  stamping  of  measuring  vessels  will  be  done  by  the  Normal- 
Aichungs-Commission  until  further  notice. 

HUBER, 

Kaiserliche  Xormal-Aicliungs-Kommissiov. 
Berlin,  July  2S,  1S93. 
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